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Abstract 
This thesis explains the mechanisms behind the dechne in aggregate energy intensity in 
Japan between 1973, the year of the first oil shock, and 1991, the first major change 
in the targets of Japanese energy policy after 1973. The study decomposes and 
quantifies the importance of structural change and technological change at three levels 
of aggregation: across the whole economy (between economic sectors); across the 
manufacturing sector (between industries); and within industries. The effectiveness of 
govemment energy policies in reducing energy consumption is considered. Prospects 
for future targets for energy intensity are assessed in the light of the analysis of 
changes in the 1973-1991 period, changes in location of energy demand growth in the 
Japanese economy and a period of low world oil prices. 
Aggregate energy intensity, the ratio of total energy consumed to total output, 
dechned in Japan by some 37 per cent between 1973 and 1991, more than in any other 
industrialised country. Structural change in the Japanese economy in the period 1973-
1991 limits the usefulness of econometric modelhng of energy demand in 
understanding the dechne in aggregate energy intensity. The study develops and 
applies more suitable methodologies which disaggregate the decline in aggregate 
energy intensity to identify the periods and sectors accounting for the largest shares of 
aggregate change. This study develops an index for energy intensity based on the 
Divisia index, which shows that most of the change in aggregate energy intensity was 
attributable to the manufacturing sector, and that within the manufacturing sector 
most change was attributable to four energy-intensive industries: iron and steel; 
ceramics and cement; pulp and paper; and non-ferrous metals . 
The method of decomposition by differencing is apphed to energy intensity 
data to quantify the shares of aggregate change attributable due to structural change 
and technological advances. Almost 90 per cent of the decline in aggregate energy 
intensity took place between 1973 and 1985, and most of this was due to 
technological change raising the energy efficiency of key industries in the 
manufacturing sector. Technological change was supplemented by structural change 
that saw output shares of the energy-intensive industries fall. 
IV 
Combination of input-output techniques with these approaches enables 
incorporation of changes in indirect energy intensities as well as direct energy 
intensities over the 1980-1990 period. The results show that most change in total 
energy intensities was due to structural change, with the changing mix of inputs the 
next most important factor, followed by changes in direct energy intensity. 
Detailed examination of four energy-intensive industries shows that energy-
saving technologies diffused rapidly in the 1970s and early 1980s. In the late 1980s, 
however, changes in the output mix favouring more highly processed, energy-
intensive outputs in the steel industry in particular have arrested the fall in industrial 
energy intensity. 
While energy intensities in the manufacturing sector generally stabilised in the 
late 1980s, energy consumption and intensity levels in the tertiary sectors continued to 
rise. Household demand for electricity in particular shows rapid growth, and 
electricity generation will have an increasingly important role in determining aggregate 
energy intensity as electricity consumption continues to rise. 
Japan has had a broad range of policies to reduce energy intensity since the 
first oil shock. These policies supported reduction of energy intensity while crude oil 
prices rose to their peak in the early 1980s. With crude oil prices falling these policies 
were not particularly effective in delivering continued progress towards long-term 
objectives of less reliance on oil and greater energy efficiency, although there was no 
significant reversal of progress achieved earlier. 
In a climate of low crude oil prices, which are expected to remain low for 
some time, Japan's rate of dechne in energy intensity has slowed considerably at all 
levels. With reduced energy use a fundamental requirement of Japan's strategy to 
reduce its emissions of greenhouse gases, it is unlikely that Japan will meet the goals 
agreed under the "Toronto Target." 
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1 Energy Efficiency and the Japanese Economy 
Energy consumption patterns in Japan have gone through remarkable change in the 
last twenty years. The Japanese economy is currently one of the most energy efficient 
in the world, in terms of gross domestic output per unit of energy input. In the two 
decades following the sudden oil price rises in 1973, there was a greater improvement 
in overall energy efficiency in Japan than in any other industrialised country. 
Japan is sometimes held as a model of an advanced economy moving along a 
low energy growth path while sustaining relatively high levels of economic growth. 
Between 1973 and the mid 1980s energy consumption in Japan appeared to have been 
decoupled from economic growth. This apparent decoupHng was the basis for a large 
fall in Japan's aggregate energy intensity. 
Despite these dramatic changes, something of a gap remains in understanding 
the changing structures of energy consumption in Japan, namely the nature and extent 
of the influences of technological change and structural adjustments on energy 
consumption in the Japanese economy. While there has been some work on the 
determinants of aggregate volumes of energy demand (Ikuta 1991a; Thorpe et al 
1991; Sakisaka 1985; Institute of Energy Economics 1984) there have not been 
studies using disaggregated data, or studies that remove the effects of increasing 
output levels on energy consumption. 
In a chmate of renewed global concern about the impact of energy 
consumption on the environment, energy efficiency has again emerged as a critical 
component of Japan's energy policy. While there has been some research into Japan's 
changing patterns of energy consumption, there has not yet been thorough analysis of 
the efficiency of energy use in Japan and its connection with structural change in the 
economy. The disaggregated analysis undertaken in this study seeks to develop a 
comprehensive understanding of the mechanics of the change in energy efficiency in 
Japan between 1973 and 1991. This period covers the sharp rises in oil prices in 1973 
and 1979 as well as the rapid fall in crude prices in the mid-late 1980s. Throughout 
this period Japanese energy policies maintained a consistent direction, one that was 
revised in the early 1990s. The new energy policies set the goal of maintaining the 
rapid decline in aggregate energy intensity that was observed over the 1973-1990 
period through until 2010. This study assesses this goal on the basis of disaggregated 
analysis of the changes in energy consumption and intensity patterns in Japan between 
1973 and 1991. 
This thesis aims at a better understanding of energy demand and structures and 
energy intensity patterns in Japan and their relationship to economic structures and 
economic growth by disaggregating five key components of energy demand. The five 
components are: 
i) changes in energy intensity in the manufacturing sector, which has been both 
the main energy consuming sector and the source of most of the energy 
efficiency gains in the last twenty years; 
ii) evaluation of the role of inter-industry trading and indirect energy 
consumption in energy efficiency gains; 
iii) analysis of the processes of technological change in key energy-intensive 
manufacturing industries and assessment of the scope for further energy 
efficiency gains; 
iv) the impact of the emerging high energy demand growth areas — electricity 
consumption and private (residential) energy consumption in particular; and 
v) the structure and impact of energy efficiency policies over this period and the 
emergence of a new energy policy agenda. 
Decomposing the energy efficiency changes in the manufacturing sector allows 
the main periods of change and the industries most responsible for change to be 
quantitatively distinguished. Japanese analysis of energy demand levels often 
decomposes growth in total energy consumption into three components: growth 
stemming from increasing aggregate output; a component due to changing industrial 
structure; and an energy conservation component (see, for example Energy 
Conservation Centre of Japan (ECCJ) 1992; Enerugii Keiryo Bunseki Senta [Energy 
Data and Modelling Centre(EDMC)] 1993a). The technique identifies the growth (or 
reduction, in the case of energy conservation) in energy consumption due to each of 
these components. This study uses a similar technique to apportion change in energy 
intensity between a technological efficiency component and an economic structural 
adjustment component. Analysis of energy intensity rather than energy consumption 
removes the effect of the main cause of energy consumption growth, increases in 
production. 
Current Japanese energy policy sets a target rate of decline in aggregate 
energy intensity for the next 15 years, rather than setting target levels of energy 
consumption. The decomposition undertaken here is therefore more useful in 
assessing the projections and predictions for energy efficiency that are a central part 
of the revised energy policy agenda than is other analysis which focuses on energy 
consumption levels. 
The shares of energy demand induced by inter-industry trading are derived in 
this study using input-output data. The methodology allocates energy consumption 
across all sectors of the economy and allows quantification of the share of energy 
intensity change attributable to final demand and the share attributable to intermediate 
demand, which includes trading between producing sectors before goods are delivered 
to final demand. The methodology enables analysis of the share of energy intensity 
change attributable to changes in indirect energy consumption — the energy 
embodied in inputs. 
Data on four key energy-intensive industries responsible for a large proportion 
of overall energy efficiency gains are examined in this study to determine the micro-
level processes of adjustment and provide a bottom-up perspective on the 
determinants of energy demand and energy intensity in Japan. Projections on future 
technological change are best assessed in the context of change that has occurred over 
the last twenty years, adding a micro perspective to the projections for future 
aggregate efficiency gains. 
The above analysis focuses on the manufacturing sector, which was the locus 
of most of the improvements in aggregate energy efficiency in the post-oil shock 
period in Japan. Recent trends, however, point to the rapidly growing importance of 
the residential sector as a source of high energy demand growth, with electricity 
demand in particular growing strongly in the residential and business sectors. Future 
improvement in aggregate energy efficiency will be constrained by these sources of 
energy demand. Levels of demand for electricity and other residential energy sources 
are closely related to income levels, and as incomes in Japan continue to rise, it is 
important to quantify the likely impact of continued growth in energy demand in these 
areas. 
Finally, Japan's improved energy efficiency performance must be considered in 
the light of energy-saving and energy source-diversification policies and the measures 
made available to advance those policies. Japan's energy policy continued largely 
unchanged through the 1980s, despite the change in policy environment due to a 
number of factors including a period of lower real oil prices (Nemetz et al 1985). 
Energy pohcy underwent significant revision in the early 1990s in response to the 
emergence of concerns about the link between economic growth, energy consumption 
and environmental degradation — greenhouse gas emissions in particular (Ikuta 1991, 
Fukami 1992). 
Each of these five components provides a piece of the puzzle that explains the 
dramatic reduction in aggregate energy intensity in Japan over the 1973-1991 period 
and locates the key sources of this improvement. The results allow careful evaluation 
of revised energy policy and of the projections of a similar scale of aggregate energy 
efficiency improvement in the following twenty years. 
The analysis in this thesis complements existing literature by providing results 
for Japan that can be compared with results for other OECD countries, thus 
identifying the characteristics of change in energy consumption and efficiency patterns 
in Japan that are shared, and those that are unique. Cross-country comparisons 
indicate that the improvement in aggregate energy efficiency in Japan has been greater 
than in any other industrialised country. 
The analysis presented here also adds an important dimension to policy 
debates on maximising the economic efficiency of energy use. This relates to current 
Japanese policies aimed at reducing energy consumption, greenhouse gas emissions 
and dependence on oil without restricting economic growth. Current policies set 
greenhouse gas emission reduction targets for early next century which are based on 
continuing high rates of aggregate energy efficiency improvement. The energy 
efficiency solution seeks a reduction in the rate of growth of fossil fuel consumption. 
efficiency solution seeks a reduction in the rate of growth of fossil fuel consumption, 
thus reducing greenhouse gas emissions while maintaining economic growth. The 
justification for the high rate of energy efficiency improvement forecast for Japan in 
these policies is the ver>' large fall in aggregate energy intensity in the last twenty 
years. Empirical work in this study tests the scope for changes in aggregate energ>' 
intensity of the same magnitude over the next twenty years. I f the energy efficiency 
improvement targets are not met, the target greenhouse gas emission levels will not be 
achieved unless economic growth in Japan remains lower than government forecasts. 
C O N C E P T U A L ISSUES 
Energ\' consumption has been closely tied to economic growth since the beginning of 
the industrial revolution. An economy's total energ>' consumption (E) and total GDP 
(Y) can be related either as elasticities or as a ratio (Proops 1984). Several authors 
suggest that the elasticity, (dE/dY)/(EAO, has been unstable for many countries since 
the oil price rises of 1973 (Proops 1984, Ramain 1986; Nguyen 1984) and this short-
run instability makes the energ>'-output ratio, E , ^ , the preferred index of aggregate 
energ\' efficiency, though there has been some debate over this conclusion (see, for 
example Hsiao and Hsiao 1985). 
Figure 1.1 Comparative energ>-output profiles 
(% of peak value) 
Source: Reproduced from Proops 1984 p 48. 
Vers' lone run aggregated data suggests that as an economy develops, its gross 
energ>--output ratio (the 'energ>' coefficient') appears at first to increase, typically 
through a phase of rapid industrialisation, and then to decrease as it moves into a 
'post-industrial' phase (Proops 1988, 1984). This peaked path is common to several 
industrialised economies (see Figure 1.1 above) and can also be seen in Japan ' s case 
(Figure 1.2). The G D P elasticity of energy consumption for developing countries is 
typically less than 1 (Desai 1986), while elasticities between labour and energy are 
typically well above 1 (Siddayao et al 1987), due to the high rates of growth of 
industrial capacity common in many industrialising countries. 
A similar scale chart for Japan derived by Japan ' s National Institute for 
Research Advancement (NIRA) is reproduced below (Figure 1.2). 
Figure 1.2 Energy consumption per unit of G N P 
(million tonnes of coal equivalent per 100 billion yen at 1934-36 prices) 
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 
Source; Reproduced from National Institute for Research Advancement 
(NTRA) 1981 p 159. 
Figure 1.2 shows six main phases in Japan 's energy-output ratio through to 
the late 1970s. M o r e recent data is shown in Figure 1.3. Figure 1.2 shows a cycle of 
aggregate elasticities oscillating around unity. Until the end of the First Worid War 
Japan gradually became more energy intensive as manufacturing capacity grew, 
particulariy in steel and chemicals. This growth was blocked by the af termath of the 
Tokyo ear thquake and the Great Depression, but returned in the phase of rapid 
industrialisation and armament leading up to the Second Worid War (NIRA 1981). 
N o t rends are clear during the period of war and the immediate post-war 
reconstruct ion era, but the figure shows the resurgence of energy intensification 
through the 1960s until the first oil shock in 1973. 
While these intensities and the energy-output ratio itself are useful in 
overview, they are aggregate indices which mask important underlying changes and 
do not separate the industry and sectoral level adjustments (Watkins and B e m d t 1983; 
energy efficiency and inter-industry structural adjustment, frequently work in opposite 
directions and need to be separated to allow clear understanding of the mechanisms 
underlying gross changes and to permit cross-country comparison (Reitler et al 1987). 
This is clear in Figure 1.3 which shows the post-war period in more detail. While the 
trend in aggregate energy intensity is clear, there is no information in the figure as to 
the sources of change in EA^, specifically the nature and extent of technological 
energy efficiency gains and intensity change induced by economic structural change. 
Figure 1.3 Japan's aggregate energy-GDP ratio 
(% of peak value) 
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Source: Energy data is total primar>' energy supply (10 bilhon kilocalories) 
from Shigen Enerugii Cho [Agency of Natural Resources and Energy 
(ANRE)], Sogo Enerugii Tokei 1992 [General Energy Statistics 1992] 
pp 362-366 and Enerugii Keiryo Bunseki Senta [Energy Data and 
Modelling Centre (EDMC)] Enerugii Keizai Tokei Yoran '94 [Energy 
Economics Statistical Handbook 1994] p 17; GDP data (1985¥biUion) 
from Keizai Kikaku Cho [Economic Planning Agency], Kokumin 
Keizai Tokei Nenkan [National Economic Statistical Yearbook], 1992 
pp 442-449, 1993 p 194. 
Japan's post-war energy intensit)' profile in Figure 1.2 and Figure 1.3 mirrors 
the post-war profiles for Italy and the United States, and to a lesser extent the United 
Kingdom, as shown in Figure 1.1. Japan's energy intensity rose quickly through the 
1960s to a peak in 1974. It fell quickly through the latter 1970s as industrial structure 
adjusted to higher oil prices and energy-saving technologies were rapidly installed. 
The rate of change slowed substantially in the late 1980s. Understanding the 
mechanisms of these transitions — the sudden turn-around from increasing 
intensification to rapidly decreasing intensification, and then the slowdown and 
stabilisation of aggregate energy intensity —is one of the main motivations for this 
study. 
The major structural break in the long run picture in Figure 1.3 is the first oil 
shock in late 1973. The term 'shock' was coined in Japan and is still used in Japan to 
describe the rapid, near five-fold increase in crude oil prices between 1972 and 1974. 
The price of crude delivered in Japan more than trebled in less than a year, jumping 
from US$3.31/bbl in September 1973 to US$11.47/bbl in August 1974. At the time, 
Japan was highly dependent on crude oil as a fuel source as it was meeting over 
77 per cent of Japan's energy needs (on a kilocalorie base) in 1973. Dependence on 
Middle East oil in particular was very high, with that region accounting for over 
78 per cent of Japan's imported crude (ECCJ 1992). The crude oil price rises had a 
severe impact on the Japanese economy (Hein 1990). 
Energy intensities in all the industrialised economies have generally decreased 
in the twenty years since this price shock, with the decrease in Japan considerably 
greater than comparable economies. In the 1960s Japan's economy became more 
energy intensive as the post-war reconstruction phase moved into a period of rapid 
industrialisation based on energy-intensive manufactiuing industries (Uekusa and Ide 
1986 p 7). Japan's energy-output elasticity was well above 1 (indicating more rapid 
growth in energy consumption than output) in the 1960s, corresponding to the rising 
part of the curve in Figure 1.3. The oil price shocks tumed this trend around, 
however, and in the mid 1970s the income elasticity of final energy consumption 
dropped below 1, to a low of 0.23 between 1973 and 1979, suggesting a decoupling 
of energy demand from output growth. The elasticity rose again through the late 
1980s, to 0.84 between 1986 and 1992 (EDMC 1994 p 15). 
Japan's apparent decoupling of energy demand growth from economic growth 
in the 1970s has been interpreted as heralding a new era of sustained high economic 
growth rates with low energy growth rates (see, for example, The Association for the 
Conservation of Energy's Lessons from Japan 1990), and is being referred to more 
often in the current chmate of global environmental concems which stresses 
maximising the efficiency of energy use. More thorough analysis undertaken in this 
study which decomposes the aggregate changes between 1973 and 1991, suggests 
that they reflect two major contributing factors. The first factor was the round of 
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installation of energy-saving technologies that followed the first energy price shock in 
1973. The second factor has been the change in international comparative advantage 
of Japanese firms as a result of rapid changes in energy prices, the rising value of the 
yen and growth in nearby industriahsing economies. This change in comparative 
advantage is reflected in Japan's domestic economic restructuring and the changing 
pattern of Japan's commodity trade. 
Seen in this light, the apparent decouphng of energy consumption from 
economic growth is a response to a set of disparate but complementary underlying 
economic factors. This response has resulted in a fundamental shift in the nature of 
energy demand in Japan, especially in the manufacturing sector, serving to make the 
sector much more energy efficient. But as Japan's economy continues to grow and 
evolve, renewed demands for energy are returning through different parts of the 
economy. The main sources of energy demand growth have shifted from the 
manufacturing sector to the commercial and residential sectors. This observation has 
profound implications for the 1990 and 1992 energy pohcy revisions that aim at 
extending the gross efficiency improvements observed in the 1973-1990 period for the 
twenty years to 2010. Japan's economic structure in 1990 was very different from that 
in 1973 and the scope for major aggregate energy efficiency gains has shrunk 
considerably as a result of the gains in the last twenty years. 
The energy-intensive manufacturing sector was the dominant source of energy 
demand growth in the 1960s and early 1970s, but the share of energy consumption 
and output from this sector has shrunk significantly (Fujime 1989; Sagawa 1990; Hein 
1990). These two factors have combined to improve substantially the net energy 
efficiency of the manufacturing sector, an improvement which was the basis of the 
overall reduction in the energy-output ratio. The rate of decline in the energy-output 
ratio for the manufacturing sector has slowed since the mid 1980s, however, 
indicating the end of the period of rapid efficiency gains. Most of the readUy 
replaceable energy efficient technologies were installed through the 1970s, especially 
in the energy-intensive industries (Sangyo Kenkyujo [Industry Research Centre] 
1990). The fastest growing areas of energy demand are now in residential and service 
industT}^ energy demand, areas strongly related to growth in per capita income. To 
assess the significance of these trends, it is necessar>' to take a disaggregated approach 
to changes in energy consumption and energy intensity pattems in Japan. 
There are two distinct meanings of 'energy efficiency', the engineering or 
technological meaning and the economic meaning. The next section examines these 
concepts and raises questions that have been debated in the economic Uteratnre about 
the ultimate impact of poHcies and practices to promote greater energy efficiency. 
Energ\ efficiency 
Public campaigns to promote energy efficiency in Japan use catch phrases involving 
energy saving {sho-enerugii) and energy conservation. Energy conservation in its 
narrowest technical or engineering sense is the ability to reduce the energy invested in 
a production process while yielding the same level of output. Or, in household terms, 
it is the process of reducing the amount of energy used in meeting a given set of 
requirements. Kudo (1994 p 46) describes household demand for energy as a derived 
demand for 'energy services' which are used to meet actual demands and needs for 
heating, cooling, lighdng and so on. A more electrically efficient appHance can thus 
meet those needs while using less electricity. 
Energy conservation can also mean reducing the set of output or service 
requirements, or the scope of the production process. This is akin to conservation by 
'going without'. In the household case, for example, this might mean conserving 
electricity by raising thermostats in summer and lowering them in winter. 
More broadly, energy conservation can be defined as reduction in the amount 
of energy demanded per unit of GDP throughout the economy. An economy can 
consen e energy by maximising the productivit>' of its energy resources, by putting 
energy to work in high value-added sectors for example, to help maintain the real 
value of output while reducing energy use. 
The same definitions apply to the notion of energy efficiency, since reducing 
energy consumption by conser\ing energy results in increased energy efficiency. It is 
wonh noting that the two cases above, reduction of energy invested and 'going 
without', are effectively end points of a broad range of process, structural and 
technological change leading towards greater energy efficiency, and across the 
economy both will be happening simultaneously (Sagawa 1990 p 47). In asking the 
question 'how has energ>' efficiency in Japan improved?', both the end points referred 
to above and the points in between (for example reducing energy consumption by 
'going without' in the short term) need to be addressed. 
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Energy intensity is a measure of the energy embodied in the output from a 
particular process. The more energy efficient a given process becomes, the smaller the 
volume of energy embodied in the output and the lower the energy intensity of the 
process. Efficiency is a relative term, implying nothing about ranking of processes (or 
industries) by energy content or energy intensity. An energy-intensive industry may 
already be quite efficient in the way energy is used. Similarly, a non energy-intensive 
industry may be able to improve the efficiency with which it uses energy through 
minimising energy losses or improving technology. In terms of energy savings, 
however, a small improvement in the efficiency of an energy-intensive process will 
save more energy than a small improvement in the efficiency of a less energy-intensive 
process.. 
There is, of course, no absolute reason to pursue energy efficiency as a goal in 
its own right. It is the means to an end, the end being a reduction in expenditure on 
energy consumption for the same level of output (or comfort in the household case). 
There has been considerable debate in the energy economics literature about whether 
energy efficiency is a step towards this end or, in fact, a step away. 
Khazzoom (1987,1989), Brookes (1990) and others argue that increasing the 
energy efficiency of an appHance or piece of equipment effectively reduces the price 
of energy as an input. They assert that economic logic suggests that in general more 
of an input is consumed when its relative price decreases, so that the net effect of 
increasing efficiency will be a shift around the production possibility frontier leading 
to more consumption of the cheaper input (energy, in this case). They cite evidence of 
a 'rebound effect' in which industries and private consumers re-allocate their energy 
consumption when one energy consuming process becomes more energy efficient, so 
maintaining or even increasing total energy consumption. The purchaser of a more 
fuel efficient car, for example, might be tempted to drive the car more often if it is 
cheaper to run than its predecessor. If the elasticity of demand for the service 
(driving) is high enough, then total fuel consumption may actually rise. 
Other authors (Henly et al 1988; Lovins 1988; Grubb 1990 for example) 
question these inferences from a number of viewpoints. The critical point is the 
definition and size of the rebound effect since the extent of the rebound effect 
determines whether investment in equipment with higher energy efficiency will 
increase or decrease energy consumption. The rebound effect is determined by the 
11 
three factors: the price elasticit>' of energy demand; the elasticity of service demand 
(defined as change in energy use divided by change in equipment efficiency); and the 
elasticity of equipment price with respect to efficiency (Henly et al 1988 p 164). 
Empirical estimation suggests that the rebound effect is small (Henly et al 1988 pp 
166-167) and this is confirmed in the analysis of some particular Japanese industries 
later in this chapter. 
Low price elasticities of energy demand suggest that energy price is often not 
the determining factor in energy usage, unless energy prices or availabihty constrain 
energy demand. Physical saturation (particularly in appliances) suggests that where 
energy demand is a derived demand for some other good or service (like home 
heating or the use of a refrigerator) then it is the use of the good that is driving energy 
demand and not the reverse. So that if a refngerator uses less energy in the task of 
preserv ing food, this saving of energy will not be transferred to other uses. These 
authors (Lovins 1988; Henly et al 1988) cite little empirical evidence for the existence 
of a significant rebound effect redirecting energy demand elsewhere. More energy 
efficient technologies t>'pically require greater capital outlays, so the reduction in 
energy requirement can be seen as a return on the capital investment. While increased 
energy efficiency effectively drops the price of energy as an input, the extent of this 
advantage is moderated by the cost of installing the new technology. 
This debate is important in the later chapters discussing Japan's energy poUcy 
and its objectives and instruments, and in interpreting energy efficiency policy in 
particular. The empirical evidence suggests that alongside the emergence of more 
energy efficient processes there has been considerable change in energy consumption 
and improvements in aggregate energy efficiency through a range of industries in most 
industrialised economies in the last 20 years. The challenge for Japan for the next 20 
years is to manage a resurgence of energy demand stemming not from industrial 
manufacturing processes but from energy demand induced by demand for private 
goods and ser\'ices whose usage is increasing with rising per capita incomes. This is 
explored in later chapters. 
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QUANTIFYING ENERGY EFFICIENCY CHANGE IN JAPAN 
The five disaggregated approaches to energy efficiency change in Japan used in this 
study are outlined in more detail below. The approaches take apart the components of 
energy efficiency change, building a dynamic understanding by determining how the 
energy consuming sectors of the economy interact with each other and adjust over 
time in response to extemal shocks. 
Intra- and inter-sectoral changes 
Economic structure is the key determinant of the total volume of energy consumption, 
by primary fuels and secondary sources, and so sets the boundaries for the success of 
energy efficiency and conservation policies. The industrial sector in Japan maintains a 
high share of both energy consumption and output. With these large shares, the 
impact of structural change and technological change factors in this sector leads to it 
determining the bulk of change in total energy consumption. Developments in other 
sectors are marginal, though cumulatively developments in smaller sectors are 
significant in a bottom-up approach. 
Japanese research on energy issues typically focuses on determining the 
aggregate demand for different fuels and on the global supply and demand situation 
for energy. These themes reflect the underlying concerns for security of supply of 
primary energy. There has been little research done on the mechanisms behind the 
adjustments that have taken place since 1973, on the impact on sectoral energy 
consumption of the changing nature of energy efficiency within the Japanese 
economy, or of Japan's changing pattern of foreign trade. 
There has been some work pubhshed which decomposes year to year energy 
consumption increases in the industrial sector into three components: a structural 
change component picking up changes in the shares of output of industries; an output 
level component that attributes a part of energy consumption growth to increasing 
output levels; and a residual, energy conservation component (EDMC 1993a; ECCJ 
1992). 
These results relate to energy demand levels, however, and energy efficiency 
has not been decomposed. Yet this is the more interesting measure for four main 
reasons. Firstly, the rate of change of aggregate energy efficiency in Japan is more 
unusual, in comparison with its global partners, than change in aggregate energy 
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consumption levels. Secondly, energy efficiency and energy intensity analysis allows 
estimation of the impact of trade on domestic energy demand. Thirdly it provides 
clearer delineation of the new sources of energy demand and energy intensity growth 
in the Japanese economy. And finally it enables quantitative assessment of the 
projected high rates of energy efficiency growth in the next 15 years by isolating the 
key sources of change since 1973 and assessing the scope for further growth in these 
and other sectors. 
Chapter 4 reports on structural decomposition analysis of energy efficiency in 
Japan. The methods developed here allow decomposition both within industries and 
sectors, and within a given time period, leading to quantification of the most 
significant sub-periods and the most significant sub-sectors in energy intensity change. 
Direct-indirect energy consumption 
Energy is consumed in two forms in the production of goods: direct energy and 
indirect energy. Direct energy consumption takes place when a boiler is heated, or a 
fumace used. Indirect energy is embodied in the non-energy inputs to a production 
process, in the steel in automobile manufacture, for example. Where a product is used 
as an input into the manufacture of many other goods (steel, for example) any gains in 
energy efficiency in production of that product are transmitted through the economy 
as gains in indirect energy efficiency in production of the final output. Cumulative 
gains in indirect energy consumption, invisible in simple modelling of energy 
consumption per unit output, may thus be of a similar scale to, or even greater than, 
gains in du-ect energy consumption. 
Derivation and quantification of direct and embodied (indirect) energy 
consumption in production is best done in these circumstances using input-output 
analysis and appropriate decompositions (Proops et al 1993). This technique allocates 
the economy's energy consumption across all sectors, incorporating indirect energy 
consumption in the allocation through the coefficients of production that can be 
derived from input-output tables. The results of this analysis can then also be used to 
estimate the energy embodied in imports, giving a measure of the equivalent energy 
not consumed in Japan in production of these imported goods. 
Energy-poor economies generally have different economic structures to 
energy-rich economies. In a free and open trading environment, the difference in 
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economic structure reflecting different factor endowments might be expected to 
narrow over time and become insignificant. In a potentially unstable world energy 
market, an energy-poor economy is likely to produce less low value-added energy-
intensive products and more high value-added low energy content products, unless 
technological or some other kind of comparative advantages exist to offset the 
reliance on traded raw energy. As the pattem of trade and investment evolves in this 
climate, the energy-poor economy is likely to import less primary energy and more 
semi-processed materials embodying energy consumed offshore. There may be some 
net energy savings from this trade. 
Technological change in key industries 
In an economy subject to an external energy price shock, adjustments to the change in 
relative prices take a number of forms. Initially there will be a strong first round of 
very low cost efforts at better energy 'housekeeping' by minimising obvious energy 
losses in existing production systems. This will be followed by installation of the most 
cost-effective energy-saving technologies, improvements in production processes and 
capture and re-use of energy previously wasted. Generally, more complex and 
expensive technologies are installed later, with a fmal round of redesign of whole 
production processes. Industry level energy intensity is subsequently flat until the next 
round of process changes. Industry energy intensity in Japan is not smoothly declining 
but punctuated by innovation and installation and the Japanese steel industry provides 
a useful example of processes and sequences in improved energy efficiency. The 
changing mix of inputs and outputs typically brings a change in the amount of energy 
required in production, even without a major breakthrough in production technology. 
Trends in change in energy efficiency within an industry can be misleading if 
the stage along the technology-diffusion cycle is not clear. To overcome this 
Umitation, Chapter 6 reports on the detail of technological and structural change 
within key energy-intensive manufacturing industries. 
Structural change and the new centres of energy demand 
In the industrialised economies, as national incomes rise, final demand for energy also 
rises, with the sources of this demand shifting from the industrial sector towards 
service industries and households. This trend is clear in Japan, and has been 
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particularly prominent in the late 1980s and early 1990s (Ikuta 1991; Fujime 1990a; 
Fujime 1988). 
The shift in sources of energy demand from the manufacturing sector towards 
the services sector and the private energy consumption sector (both residential and 
transport) is pronounced. Households and service industries are becoming more 
automated (office automation and home automation), creating a new and rapidly 
growing demand for energy, and for electricity in particular (Kibune 1990). Electricity 
demand is one of the fastest growing areas of energy demand and the technologies 
and trends in the efficiency with which primary fuels are converted to electricity will 
have a major impact on future net primary energy consumption. 
The increasing energy intensity in the tertiary and household sectors is in 
marked contrast to the net decreasing energy intensity in the heavy industry segment 
of the manufacturing sector (Sagawa 1990). The rate of aggregate energy intensity 
decline in the industry sectors has slowed, however, meaning that the increase in 
energy intensity in these other sectors will be the major determinant of Japan's overall 
energy efficiency in the next decade. 
Energy policy context 
The eighteen year period that this study focuses on provides a useful test of the 
adaptability of energy policy in different environments. For the fu-st ten years crude oil 
prices rose, at times sharply. The latter period has seen world crude oil prices fall and 
non-price concerns, such as pressure to conform to global greenhouse gas emission 
reduction targets, become significant in the policy context. The changes in energy 
consumption and energy intensity that are analysed using the approaches above are all 
set in the context of energy pohcy in Japan. 
Japanese energy policies deserve particular attention given that Japan's 
aggregate energy intensity declined more than any other OECD country between 
1973 and 1991. The effectiveness of Japan's energy policies in supporting this 
achievement is assessed in Chapter 8 of this study. The assessment is used to review 
the prospects for the revised energy policies that emerged in the early 1990s in Japan. 
These revised policies emerged in Japan in response to global concerns about the 
impact of energy consumption on the environment, and coincided with the emergence 
of a stronger role for Japan in regional and international fora. 
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Energy policy in Japan since the first oil shock in mid 1973 has had four main 
aims: securing oil supplies; diversification away from oil as the primary fuel; 
increased efficiency of energy use; and development and promotion of altemative 
energy sources (Samuels 1987). 
Japan's Ministry of International Trade and Industry (MITI) has been 
instrumental in establishing a policy environment which conforms to the interests of 
the private sector while supplementing and encouraging extension of market 
responses to changing international oil market conditions (Samuels 1987; Lesbirel 
1989; Hein 1990; Perkins 1989). Lesbirel, for example, states that 'MITI played a key 
role in diversification policy by intervening in, and expanding its influence over, 
energy markets and the energy-policy-making process' (Lesbirel 1989 p 290). 
Over the 1973-1991 period MITI has promoted a range of measures to 
address the four policy goals noted above. 
• Funds have been allocated to assist Japanese corporations in exploring for and 
developing new oil reserves, and a 90 day stockpile has been secured (Shigen 
Enerugii Cho 1993a). 
• The Law on the Rational Use of Energy was passed in October 1979. Its three 
focal points are large factories, the building industry and standards for appliances. 
The Alternative Energy Law was also put in place at this time to promote 
diversification away from the heavy dependence on oil as a primary fuel. 
• The Moonlight Project was launched in 1978 by the Science and Technology 
Agency, to further research and development of energy conservation technology 
(Agency of Natural Resources and Energy 1991). Under the broad banner of this 
project, funded mostly from MITI's energy budget, a number of energy 
conservation technology development projects receive funding, such as research 
into more efficient conversion of fuels, electricity storage, heat pumps and super 
conductors. 
• The Sunshine Project, launched by MITI in 1974, aims to develop new energy 
technologies, those using fuels other than oil. It now provides funding for projects 
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focused on solar voltaics, coal liquefaction and gasification, geothermal and 
hydrogen energy sources. The New Energy Development Organisation (NEDO) 
manages the research being carried out under this project. There is a separate 
program and budget for expansion of the nuclear power network. 
This study analyses the effectiveness of energy pohcy measures under 
scenarios of both increasing and decreasing world oil prices. These two scenarios are 
useful in attempting to separate the impacts on energy demand and aggregate energy 
efficiency of exogenous price movements and policy measures. 
Figure 1.4 Wholesale price indices of crude oil, gasoline and electricity 
(1985=100) 
real crude price 
index 
real gasoline price 
index 
real electricity price 
index 
Source: Indices derived from Enerugii Keiryo Bunseki Senta [Energy Data and 
Modelling Centre] Enerugii Keizai Tokei Yoran '93 [Energy 
Economics Statistical Handbook 1993] and Enerugii Keizai Tokei 
Yoran ' 94 pp 42, 44. 
One of the primary goals of post-1973 energy policy in Japan was 
diversification away from crude oil as the dominant primary fuel source. The 
instruments used to pursue this goal restricted the amount of the fall in crude oil 
prices in the late 1980s that was passed on to energy consumers (Lesbirel 1989). 
Figure 1.4 shows real yen oil prices, real wholesale gasoline prices and real wholesale 
electricity prices in Japan, indexed to 1985 = 100. Clearly the domestic gasoline and 
electricity prices, which might under fully competitive and flexible circumstances 
correlate closely with crude oil prices, are quite sticky and resistant to change. 
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Despite this stickiness, wholesale energy prices in Japan had returned to early 1980s 
levels by the early 1990s. 
MITI's instruments have generally been used to promote stability in the 
Japanese oil market, and the basis of and rationale for these market-conforming 
strategies are well described in Samuels (1987). One of the aims of this study is to 
assess the relationship between energy policies and broader industrial pohcies and to 
assess the extent to which policies underpinned the decline in aggregate energy 
intensit}' between 1973 and 1991. These assessments are used to evaluate the likely 
outcomes of Japan's current energy policy goal of limiting total emissions of CO2 per 
capita to 1990 levels by 2000. 
The stimulus to more efficient use of energy provided by the crude oil price 
rises in the 1970s, especially as an input into manufacturing processes, was common 
to all the industriahsed countries. The following sections in this chapter summarise 
energy consumption and energy efficiency changes in a number of countries and 
highhght the extent of change in Japan relative to its competitors. Japan is the only 
economy for which energy demand growth and GDP growth diverged strongly in the 
years following the first oil shock. The characteristics of Japan's response to these 
shocks is the subject of the following chapters. 
ENERGY EFFICIENCY IN A GLOBAL CONTEXT 
Japan has one of the largest economies in the world, as well as one of the world's 
highest levels of per capita income. A medium-sized population, poorly endowed with 
natural energy resources, its net per capita primary energy supply is low by world 
standards (Figure 1.5). The energy data in Figure 1.5 is total primary energy supply 
(TPES) which is the preferred measure of aggregate energy demand as it includes 
energy directed, before conversion, to the electricity generation sector. 
There is a close superficial correlation in Figure 1.5 between energy natural 
resource endowments and per capita energy intensity. The countries with the greatest 
reserves of fossil fuels — Australia, Canada and the United States — also have high 
per capita energy consumption levels while the resource poor Japan and Italy use 
much less energy per person. 
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Figure 1.5 Total primary energy supply per capita, 1991 
(10,000 kcal/person) 
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Source: Derived from Energy Balances of OECD Countries, International 
Energy Agency (lEA), 1992 country-by-country tables. 
Where a country has a comparative advantage in energy-intensive industry by 
virtue of abundant local energy supplies it follows that it would tend to specialise in 
these activities, resulting in a high level of energy consumption per capita. The United 
Kingdom is an anomaly, in that it is virtually self-sufficient and yet has a relatively low 
per capita energy intensity. 
The high rates of per capita energy consumption in Australia, the United 
States and Canada are due to a combination of factors. One of the most important is 
geographic size and the attendant high energy costs of transport and distribution. 
Climate also plays a need in determining residential and commercial energy needs. 
Thirdly, per capita energy consumption is a consequence of economic specialisation in 
energy-intensive processes. High levels of per capita energy consumption may also 
reflect energy wasted as a result of locally determined rather than intemationally 
determined poor energy management practices stemming from local abundance. 
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Energy consumption profiles 
Looking at the G7 group of industrialised nations as a subset of the OECD 
economies gives a good indication of where Japan fits in the global context 
(Table 1.1). 
Considering energy consumption profiles by main economic sector shows 
marked differences across countries in the relative sizes of these sectors in the energy 
budget. In 1989 the industrial sector accounted for 46 per cent of Japan's GDP and 
just 35 per cent in the United States and France. These high shares of output are 
mirrored in the high shares of energy consumption. 
Despite considerable growth in energy consumed by the non-industrial sectors, 
Japan still has a strong industrial bias in energy consumption. This gap has closed 
somewhat with the industrial sector accounting for 67 per cent of final energy 
consumption in 1971, but 46 per cent in 1989. Table 1.1 also shows the relatively low 
proportion, still, of residential energy consumption in Japan, which is only 26 per cent 
of the total while in most of the other countries in this group it is well over 
30 per cent. Household energy consumption in France exceeds industrial energy 
consumption. 
There is a general correlation betw-een the industry share of GDP and 
reduction in energy intensity for the countries that are not major energy exporters. 
Japan, the United Kingdom and Germany all have large industry shares of GDP and 
all showed significant aggregate energy intensity declines after the first oil shock. 
With the industrial sector t>T)ically accounting for a large share of energy 
consumption, it seems that the large industry share of GDP gives more scope for large 
scale industry-based energy efficiency gains. Large scale industry-based energy 
efficiency gains would serve to pull down aggregate energy intensity. 
Looking at the share of imported fuels emphasises the resource poor 
economies of Japan and Italy. The ver}' high dependence on imported energy raw 
materials in both countries stands out. with Japan importing 86 per cent of all energy 
(99 per cent of crude oil), and Italy importing 86 per cent of all energy (95 per cent of 
crude oil) in 1991. Of the G7 countries it is the changes in the energy profile in Italy 
that most closely resemble those of Japan. Japan's high dependence on imported 
crude oil also brings a high dependence on oil from the Middle East, accounting for 
over 65 per cent of Japan's crude imports in 1991. 
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Table 1.1 Energy consumption in G7 countries and Australia, 1989 
(%, mtoe^) 
Japan US Germany Canada France UK Italy Australia 
Solid fuels (%) 18.0 27.3 27.9 16.8 11.4 30.3 27.9 45.9 
Oil (%) 57.8 40.8 40.1 36.4 41.1 38.4 40.1 37.6 
Natural gas (%) 10.1 22.8 17.3 25.9 10.9 21.8 17.3 15.3 
Nuclear (%) 11.8 7.5 14.3 9.6 36.1 9.0 14.3 0 
Hydro (%) 1.9 1.2 0.4 11.4 1.8 0 0.4 1.2 
Electricity 21 16 17 22 18 16 15 18 
share (%) 
Industry 46 31 35 37 31 36 35 37 
share (%) 
Transport 24 35 26 26 29 29 26 39 
share (%) 
Household & 26 31 36 34 36 32 35 19 
commercial 
share (%) 
Total primary 407 1955 360 220 218 210 153 85 
energy supply 
(mtoe) 
Share of 86.5 17.3 44.7 -25.6 53.7 3.3 86.2 -68.4 
imported 
energy supply 
^ million tonnes of oil equivalent 
Source: Energy Balances ofOECD Countries, lEA, 1992 country-by-country 
tables; and Enerugii Keizai Tokei Yoran '93 [Energy Economics 
Statistical Handbook 1993], EDMC 1993a pp 188-195. 
Across these economies there is similarity in the proportions of primary and 
secondary consumption (the former mainly crude oil, coal and natural gas and the 
latter electricity and town gas). Japan has one of the highest rates of electrification 
amongst the G7 countries, with electricity supplying almost 21 per cent of energy 
consumed in 1989; Canada has a similarly high rate at just over 22 per cent. Growth 
rates of electricity consumption have been similar across this group of countries, with 
the United Kingdom showing the least change since 1971. 
Following the rapid price rises and supply disruptions in 1973, dependence on 
oil as a primary energy source declined in the 0 7 countries through the 1970s, with 
natural gas and nuclear energy taking larger shares of energy supply profiles. The 
extent of this switch varies across countries, with Australia and Canada exhibiting a 
small shift to these sources, and Japan, the United States and Italy showing change on 
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a much greater scale. In the United States, for example, dependence on oil declined 
from 66 per cent to 41 per cent between 1970 and 1989. In Japan it declined from 
77 per cent in 1973 to a low of 56 per cent in 1985 before climbing again to over 
58 per cent in 1992 (EDMC 1994 p 18). Nuclear energy has boomed in France where 
it has risen from providing 1 per cent of energy requirements in 1970 to 36 per cent in 
1989. In Japan it has risen from 1 per cent to 12 per cent, and in Germany from 
1 per cent to 14 per cent. 
The differences in these broad economic structures are reflected in the 
aggregate energy coefficients for these country. 
Energy coefficients 
The overall supply of energy to an economy can be divided by the economy's total 
output (GDP) to yield a highly aggregated measure of the overall intensity of energy 
use, often called 'the energy coefficient'. This can be expressed as either a simple ratio 
or the elasticity of growth rates. The trend of such statistics over time suggests a 
parallel between energy consumption and economic development, of increasing then 
decreasing aggregate energy intensity ratios and elasticities (Figure 1.1). Some theory 
developed from these observations is discussed in the following chapter. 
In the 1970s and 1980s, for most of the OECD countries energy elasticities 
were less than 1, signalling that the rate of energy demand growth fell below the rate 
of economic growth. Energy intensities in many of these economies therefore declined 
through this period. 
Energy intensity profiles 
As can be seen in Figure 1.6 below, in gross terms Japan and Italy are among the most 
energy efficient economies. The ranking by energy intensity closely resembles the 
reverse of the ranking by share of imports of raw energy in Table 1.1. Only the United 
Kingdom and Germany are out of rank order in intensity — almost self-sufficient in 
energy, the United Kingdom might be expected to rank alongside the other energy 
exporters Australia and Canada. Germany has an unexpectedly high energy intensity 
for an economy importing close to half its energy needs. While there is a general 
correlation, there are clearly factors other than share of imports of energy at work in 
determining aggregate energy intensities. 
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Figure 1.6 
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Source: Derived from Energy Balances of OECD Coun tries, lEA, 1992 
countr}'-by-country tables. 
Japan's claim to be one of the world's most energy-efficient economies has 
strengthened in the period since 1973, with its annual ratio of energy consumption to 
GDP falling (its energy efficiency improving) at a rate of 2.5 per cent per year, 
compared with the OECD average of 1.4 per cent per year. This is a spectacular 
improvement in the efficiency of energy use in Japan, at least as far as converting 
energy into GDP is concerned. The other G7 countries also reduced their levels of 
energy consumption per unit of GDP, but not to the same extent or while maintaining 
high overall economic growth as Japan did (Figure 1.7). 
Japan has had the lowest aggregate energy intensity of this group of countries 
since before the 1973 oil crisis. Not only is Japan's level of aggregate energy intensity 
low, it has had the fastest rate of reduction of aggregate energy intensity in the years 
following 1973. CK'erall, total primar>^ energy supply (TPES^) per unit of real GDP in 
Japan is now^ some 34 per cent less than it was in 1974. 
1 Total priman- energy supply is the preferred measure of energy demand for international 
comparison as it incorporates all primar>' energy supplied in the economy before conversion to 
electricit)' and other secondar>' fuels. For disaggregated analysis later in this study, fmal energy 
consumption of primar>' and secondary fuels is used as this gives a better indication of the energy 
intensity of particular economic sectors and industries. 
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Figure 1.7 Energy intensities in G7 countries and Australia 
(nitoe/1985US$billion) 
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Source: Derived from Energy Balances ofOECD Countries, IE A, 1992 
country-by-country tables. 
This is the greatest change of any of the G7 countries (Figure 1.8) and reflects 
a number of adjustments in the Japanese economy. While more energy-efficient 
technologies have certainly been introduced in Japanese industry, the Japanese 
economy itself has evolved, and structural change played a very important part in this 
efficiency gain alongside the technological advances in reducing the amount of energy 
required per unit of GDP. 
There is a good correlation between the countries performing weU in reducing 
aggregate energy intensity over this period, and the economic structure/energy 
profiles sketched in Table 1.1. The broad economic structure of these economies and 
their energy profiles seem to be important factors in determining the extent of energy 
intensity improvements in the post 1973 period. 
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country-by-country tables. 
The best performers, Japan, the United Kingdom, Germany and Italy, have 
large industrial sectors and are not major exporters of energy. The United States, 
Canada, France and Australia have either smaller industrial sectors as a proportion of 
GDP or are energy exporters. While there are many factors at work in determining 
rates of change of aggregate energy intensity, it may be that the imperative to adjust, 
through the need to import energy, and the scope for the industry sector to adjust, 
through the large industry share of GDP, in the first group of economies are both 
greater than in the second group. A significant observation stemming from Japan's 
large decrease in aggregate energy intensity is that, compared to the rest of the 
industrialised world, Japan seemed in the mid 1970s to have decoupled its energy 
demand growth from its economic growth (Figure 1.9). 
Energy consumption and GDP tracked closely together through the 1960s, but 
began diverging sharply in 1974. From the mid 1980s until 1991 rates of growth were 
again approximately parallel. 
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Figure 1.9 Primary energy demand and GDP in Japan 
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Decoupling energy consumption from GDP can be represented as an energy 
consumption/GDP elasticity less than unity. Japan has had one other period of low 
energy consumption/GDP elasticit>' in the 1920s (Figure 1.2) which was followed, as 
the pre-war economy began to grow strongly, by a period of energy/GDP elasticity 
over 1.4. The interpretation given by some commentators to the apparent decoupling 
in the 1970s is that Japan has entered a new 'post-industrial' state involving sustained 
low growth in energy demand while maintaining high rates of economic growth (see, 
for example, the Association for the Conservation of Energy 1990; Energy 
Consen-'ation Centre, Japan 1990 and 1992; Agency of Natural Resources and Energy 
1991). 
Japan had already claimed a strong performance in reducing pollution levels, 
of sulphur oxides and nitrogen oxides m particular, since the pollution crises of the 
late 1960s and early 1970s. This suggests a decoupling of pollution from industrial 
growth. In the apparent decoupling of energy consumption from economic growth, 
Japan seemed in the 1970s to have made progress with another challenge. 
Drawing strong policy conclusions from the aggregated data is not justifiable 
since there are, as the following chapter highlights, theoretical and practical problems 
which prevent robust conclusions being drawn unless the data is disaggregated and 
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separate causal factors identified. As such, the apparent aggregate decoupling alone 
does not indicate a permanent shift to a low energy consumption economic growth 
path. 
Decoupling strictly means a separation of energy demand growth from its 
main determinant, the rate of economic growth, and this separation is evident for 
Japan from 1975 to 1985. This study addresses the hypothesis that this structural 
break is a response to the price shocks in 1973 and 1979 in terms of technology 
diffusion and structural change. Once the ripples of the price shocks died away in the 
mid 1980s, so did the effect on energy intensity and hence there was a return to 
roughly parallel growth of energy demand and GDP. 
The energy demand growth and economic growth curves for the United 
Kingdom and Germany are similar to Japan's, also exhibiting a short break between 
output growth and energy demand growth in the 1970s. To explain the causes of the 
structural break in Japan, or the shorter breaks in Germany and the United Kingdom, 
it is essential to disaggregate the 'energy coefficient' data into the main components 
and identify the sources of change in energy intensity. The following section 
introduces the main factors driving energy consumption. 
Energy demand and economic growth in the industrialised economies 
Energy demand growth and economic growth are closely related for the industrialised 
economies. The stages that have been identified (see for example Proops 1988 and 
Moroney 1989) that are reflected in Figure 1.1 are: 
i) increasing energy intensity in the early stages of industrialisation, combined 
with a shift in energy supply from wood to fossil fuels; 
ii) transition to liquid rather than solid fossil fuels; 
iii) energy intensity peaking and then declining with further economic growth 
towards a less energy-intensive economic structure. 
Energy consumption levels and growth rates are affected by many different 
factors. Most of these, especially exogenous energy price changes and developments 
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in global trading patterns, are shared by the industrialised countries. Responses, 
however, have been very different between countries. Consideration is given below to 
the range of factors determining energy consumption growth. 
Factors driving energy consumption growth 
Energy consumption growth is determined by a broad range of influences. These can 
be grouped into three areas: economic factors, poHcy factors and physical factors 
(climate and environment). 
Economic factors 
• Technological change in production processes, including improvements in 
efficiency of energy use for a given output, has had a dramatic effect on energy 
efficiency levels in manufacturing. Beyond narrow technological efficiency gains, 
however, there have also been changes in types of outputs demanded often 
favouring those with higher embodied energy content. 
Relative prices and substitution — not only of energy commodities themselves, 
but also their complements and substitutes, labour and capital — can have an 
effect on the energy intensity of production processes and hence on energy 
consumption levels. There are typically rigidities in production processes and 
costs in labour force adjustment that make these medium to long-term effects. 
Rates of economic growth impact on the scale and efficiency of industry — high 
growth rates frequently see more marginal capacity utilised to meet demand, 
dragging down average efficiency. On the other hand, sustained high rates of 
growth may allow rapid development and adoption of more efficient technologies. 
The overall level of economic development is also a factor, with economies 
generally passing along a peaked development curve as outlined in Figures 1.1 
and 1.2. 
Structural changes, discussed above and in more detail in Chapter 4, result in 
major changes in energy demand pattems. Within the industrial sector a relative 
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decline in low value-added energy-intensive manufacturing processes in favour of 
the growth of high value-added more energy-efficient processes leads to an overall 
reduction in the amount of energy required per unit of GDP. 
• International trade can lead to net energy savings through trade when source 
country energy technology is more efficient than that of the purchasing country. In 
an open international trading regime there are opportunities to maximise economic 
efficiency by drawing in semi-processed inputs embodying energy consumed in 
source countries. 
Policy factors 
• Energy policies can have a significant impact on energy consumption levels, either 
by regulating minimum efficiency standards, enforcing insulation and other 
demand-reducing processes or by changing relative prices. 
A factor influencing energy efficiency change in Japan, and many other 
industrialised economies is the new global energy agenda emerging from better 
understanding and acceptance of the connection between economic growth, 
energy consumption and environmental protection (Pearce 1989). This agenda 
will, according to Boyle (1989), lead to 'a major re-evaluation of the role of 
energy in society' and is reflected in the Japanese Government's continuation of 
policies to reduce energy consumption even while real energy (crude oil) prices 
are lower than they were in 1973. 
Environmental factors 
• Resource endowments provide natural comparative advantage in particular 
economic processes, and where such endowments include abundant energy 
reserves (as in Australia, the United States and Canada, for example), transport 
cost minimisation suggests a natural advantage in energy-intensive manufacturing 
processes, pushing up the level of energy consumption in those economies. 
• Population increases will generally increase the size of the economy and the 
volume of energy consumed (other factors being equal). 
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• Climate and social conventions have a strong effect on household energy 
consumption with demands for larger living spaces, central heating and insulation 
t}'pically growing with income. Seasonal temperature variations make time series 
analysis of household energy consumption difficult 
To evaluate what has driven Japan's adaptation to greater aggregate energy 
efficiency it is helpful to highlight the subset of factors likely to have had more impact 
on Japan than on its competitors. Of the factors above, the ones most influential in 
determining changing patterns of energy consumption and energy efficiency in Japan 
are those showing significant change in the U\ent>' years since 1973. These are 
primarily the changing structure of the economy; technological advances in 
manufacturing processes; the impact of rising per capita income on private energy 
consumption and household energy intensities; and the changing mix of policies 
designed to stabilise and improve Japan's energy security and efficiency of energy use. 
These four most important factors are the ones given attention in this study. The 
following section summarises results of research in this area on Japan and other 
comparable economies. 
STRUCTURAL ADJU STMEXT AND TECHNOLOGICAL EFFICIENCY 
Japanese research on energy and structural change 
The Energ}' Conserv ation Centre of Japan and the Enerugii Keir}'o Bunseki Senta 
[Energ}' Data and Modelling Centre] have analysed the determinants of gross energy 
consumption levels using a methodology which distributes changes in total 
manufacturing energy consumption levels across three main determinants; 
technological change, output growth and inter-industr}' structural change. The results, 
summarised in Figure 1.10 below, indicate that before the fu-st oil shock, output 
growth dominated as the main cause of growth in energy consumption. 
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Figure 1.10 Factors behind change in energy consumption in Japanese manufacturing 
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Between 1974 and 1983 significant technological change and some structural 
adjustment (towards less energy-intensive industries) held down energy consumption 
growth. Since 1984 output has again had a major influence on energy consumption, 
the rate of or impact of technological change has lessened while further structural 
adjustment is now the main factor pulling energy consumption down. 
The production level factor is found to be very important, dominating over the 
other two factors, suggesting that it is necessary to remove the effect of this, by using 
energy intensities rather than energy consumption levels, to analyse the other factors 
effectively. The methodology used in the type of decomposition in Figure 1.10 is 
limited by the 'technical efficiency' component being the remainder once the other 
two components have been subtracted from net energy consumption growth. This 
remainder captures not only technological change, but also any changes in the energy 
intensity of inputs and outputs. This methodology is also limited in that it can only be 
applied to the manufacturing sector as a whole and so cannot allocate contributions to 
energy consumption change (or energy efficiency change) within the manufacturing 
sector. Furthermore, general comparisons across countries are made not in terms of 
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overall levels of energy demand, which depends foremost on the size of the economy, 
but in terms of energy per unit output, which is not readily derived from this work. It 
is preferable, therefore, to decompose the changes in energy intensity across the 
whole economy, rather than looking at energy demand levels. 
International comparisons of structural change 
Comparable data on the effects on energy intensity of structural change and 
technological change are available for some OECD countries as well as some 
developing economies, and these are summarised below. 
In the United States, structural change accounts fairly consistendy for about 
one-third of the reduction in energy intensity between 1973 and 1987, with the 
balance stemming from industry level technological efficiency gains, (Boyd et al 1987; 
Kelly et al 1989; and Schipper et al 1990). For the United Kingdom, Germany, France 
and Italy, for the same period, structural change accounts for 10-30 per cent of the 
overall reduction in energy intensity. Structural change in these countries played a 
much greater role in the late 1970s and 1980s than in the early-mid 1970s when the 
effect of the sharp oil price rise was rapid diffusion of easily-implemented energy-
saving technological and process advances (Jenne and Cattell 1983; and Bending et al 
1987). 
Schipper (1987) suggests that for Europe and the United States in the 1970s 
and early 1980s, energy conservation policies were partially effective and contributed 
somewhat to overall reduction in energy intensities. Schipper found that some 
5-15 per cent of reductions in oil consumption, for example, were reversible (that is 
are a result of reduced driving, cooler thermostat settings etc), reflecting the 
'conservation by going without' component of energy efficiency referred to above. 
Direct controls via standards for households and industry accounted for 
10-20 per cent of overall reductions in energy consumption. New, more energy-
efficient plant has been estimated as accounting for one-third the energy efficiency 
increases in the United States between 1973 and 1984 (Marlay 1984). 
While direcdy comparable energy and structural change data are not available 
for Australia, research on greenhouse gas emissions suggests that there has been 
gradual technological change in Australian industry reducing energy consumption and 
greenhouse gas emissions. However, increases in output (apart from the low growth 
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recorded in 1973-74 and 1979-81) have pulled energy consumption levels up. 
Consumption by industry is the major determinant of overall consumption levels. In 
terms of greenhouse gas emissions, changes to the fuel mix from 1974-75 to 1982-83 
reduced emissions, but since then the changes to fuel mix have pushed emissions up 
(Common and Salma 1992b). 
Comparable work has been done on China and Korea. Data for China for the 
period 1980-88 suggests that most of the changes in aggregate energy intensity were 
due to changes in sectoral technological intensities with a minimal structural change 
component (Huang 1993). Results for Korea for 1973-1989 indicate that significant 
growth in aggregate energy consumption is due primarily to rapid output growth, 
with technological change significantly reducing energy consumption and structural 
changes having only a small effect on reducing energy consumption in the 1980s (Park 
1992). 
CONCLUSION 
Japan's aggregate energy intensity has declined dramatically since 1973, more so than 
in other industrial economies. For much of the 1970s and 1980s energy consumption 
growth seemed to separate from what had traditionally been its main driver, economic 
growth. Under these circumstances, understanding the nature and causes of change in 
energy efficiency in Japan provides important insights into energy adjustment 
processes in industrialised economies. In particular whether the apparent decouphng 
marks a permanent shift to a lower energy coefficient, or if it was more a temporary 
response to the two oil price shocks in the 1970s. 
Study of the Japanese case using disaggregated data allows separation of the 
components of aggregate energy intensity change into factors relating to inter- and 
intra-industry structural change and to inter-industry trade and the nature of indirect 
energy consumption in Japan. 
Experience in other countries suggests that much of the aggregate energy 
efficiency change is likely to be due to developments in just a few key industries. 
Coupled with detailed understanding of the nature of technological progress in the 
key industries and delineation of the newly-emerging sources of energy demand, 
Japan's energy efficiency record can be interpreted to yield useful insights into 
directions for aggregate energy intensity in the next 15 years. 
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There have been major technological efficiency gains in the main energy 
consuming sectors of the Japanese economy, with industrial inputs and outputs 
evolving to reduce domestic demand for energy in production processes overall. Data 
is available to allow assessment of which process and technological changes are 
working in favour of reducing domestic energy demand and which are working 
against it. These adjustments in Japan have been taking place against a background of 
a maturing of the economy as a whole, including deepening trade relationships with 
regional trading partners, and a history of government involvement in charting a 
course for the economy. 
The last twenty years provide a useful case study of energy policy making in 
Japan as exogenous energy prices have both risen and subsequently fallen, while 
throughout the period policies have maintained a strong focus on reducing aggregate 
levels of energy demand. Thus it is possible to partially separate the adjustments 
related to exogenous energy price movements from the policy-initiated adjustments in 
recent years and to identify some of the rigidities that have held back further 
adjustments. This is particularly clear from case studies of key energy-intensive 
sectors, such as the steel and aluminium industries. 
To summarise, some salient features of Japan's changing pattern of energy 
demand are: 
i) rapid growth in use of oil through till 1973; 
ii) continuation of a high dependence on oil as a fuel, despite price fluctuations 
and government efforts to diversify into other sources; 
iii) rapid development of, investment in and permeation of energy-efficient 
technologies through the 1970s; 
iv) decline in the relative economic size of, and the proportion of energy 
consumed in, the manufacmring sector and the corresponding growth of 
energy consumption in the residential, commercial and transport sectors; and 
v) return to higher rates of energy demand growth in the late 1980s. 
These features lend themselves to comprehensive analysis with a variety of 
analytic tools. 
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This dissertation lias ten chapters. Chapter 2 sets out the methodological framework 
and situates the analytical tools apphed here within the energy economics literature. 
Particular attention is given to developing index numbers for use in structural 
decomposition analysis which have the properties of adding to total intensity change 
across both time periods and industries. The chapter also outlines a method for 
applying input-output techniques to energy intensity data. 
The sources and limitations of the data necessary to apply these analytical 
tools are discussed in Chapter 3. While large amounts of data on the Japanese 
economy are published regularly, there are comparatively little disaggregated data on 
energy consumption. A disaggregated data set for the 1973-1991 period is presented 
in this chapter. 
Chapter 4 applies the structural decomposition methodology to Japanese 
energy intensity data. Applying the methodology to the whole economy allows 
identification of the main sectors of the economy and the main sub-periods between 
1973 and 1991 to which change in aggregate energy intensity can be attributed. The 
manufacturing sector accounts for an overwhelming proportion of energy intensity 
change, and the methodology is then apphed to this sector to determine the key 
industries to which sectoral energy intensity change can be attributed. 
Chapter 5 apphes input-output techniques to Japanese energy intensity data to 
extend the results of the previous chapter which stem from analysis only of energy 
consumed in production itself, not of energy embodied in other inputs. The input-
output framework allows assessment of the share of energy intensity change due to 
substitution between non-energy inputs and is also used to determine the relative 
importance of inter-industry trading. 
The industries identified in Chapters 4 and 5 as having the greatest impact on 
aggregate energy intensity, notably the iron and steel, non-ferrous metals, ceramics 
and cement and pulp and paper industries, are examined in detail in Chapter 6. The 
main technological changes are identified, and the processes of development and 
implementation are discussed. Within these industries, the roles of technological 
change and of the changing mix of inputs and outputs are assessed, mirroring the 
structural change/technological change decompositions across sectors and across 
industries undertaken in earlier chapters. Technological innovation is then Unked with 
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the rates of diffusion through the industries to yield indications of the scope for future 
energy efficiency gains in these industries. 
Chapter 7 considers the shift in location of high rates of growth of energy 
consumption in the Japanese economy, away from the manufacturing sector towards 
service industries and household energy consumption. Electricity consumption growth 
rates in particular have been high, and the electricity generating industry is the largest 
single consumer of primary fuels in Japan. The chapter considers the impact on future 
aggregate energy intensity levels of the increasing energy intensities in these sectors 
and of continuing strong growth in electricity demand. 
The policy context for the rapid improvement in aggregate energy efficiency 
through the 1970s and early 1980s is discussed in Chapter 8. The chapter examines 
the effectiveness of measures promoting the energy poUcy aims of diversifying 
primary energy sources and reducing dependence on oil in contributing to changes in 
aggregate energy intensity. Policies are compared in the two energy price 
environments described earlier: increasing crude oil prices through until the mid 
1980s and falling crude prices in the late 1980s. 
The review of energy policy in the early 1990s was a response to intemational 
concerns about the adverse impact of energy consumption on the global environment 
as well as domestic concerns about rising levels of oil consumption. This review set a 
target for the rate of decline of Japan's aggregate energy intensity over the next 
fifteen years. Chapter 9 discusses the changes in energy pohcy in Japan in the early 
1990s and evaluates these aggregate targets in the light of the results of the 
disaggregated analysis in the previous chapters. 
The final chapter draws the results together and assesses the likelihood of 
Japan repeating the large scale decline in aggregate energy intensity in the future. The 
chapter uses the results of the disaggregated analysis undertaken throughout this 
study to assess the hkelihood of Japan meeting its target for reduction of greenhouse 
gas emissions. 
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2 The Response to Energy Price Shocks: 
Price, Policy and other Determinants of 
Energy Demand 
INTRODUCTION 
Japan's patterns of energy consumption appear to have undergone a deep 
level of change in response to the sudden oil price rises of 1973 and 1979, when 
compared with the responses in other industrialised economies. This chapter draws 
on existing literature on energy demand and structural change and suggests a set of 
methodologies appropriate to evaluate the five key determinants of energy demand 
and energy intensity introduced in Chapter 1. These five components are: 
i) decomposition of energy intensity changes in the manufacturing sector; 
ii) evaluation of the role of inter-industry trading and indirect energy 
consumption in energy efficiency gains; 
iii) analysis of the processes of technological change in key energy-intensive 
manufacturing industries; 
iv) analysis of the impact of the emerging high energy demand growth areas; and 
v) the structure and impact of energy conservation policies 
The first half of this chapter reports on various methodologies used in the 
economic literature to frame energy analysis to address the above components of 
energy demand, and compares results for Japan with other industrialised countries. 
There are gaps in the literature, however, and important analytical tools have not 
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been applied to Japan. These tools are detailed in the second part of this chapter 
and techniques for applying them to Japanese data are discussed. The following 
chapters show the results of applying these tools to Japanese energy consumption 
and output data for the 1973-1991 period. 
ENERGY ANALYSIS: ALTERNATIVE METHODOLOGIES 
Energy analysis has three connected strands: energy supply analysis; energy demand 
analysis and analysis of energy-economy interactions (Capros and Samoulidis 1988: 
Wirl and Sziruscek 1990; Labys 1982). This study concentrates on the third of these 
strands, seeking to explain the decline in aggregate energy intensity in Japan between 
1973 and 1991. There are many approaches to energy analysis, and to analysis of 
energy-economy interactions in particular. The choice of approach depends on the 
objectives of the enquiry. None of the approaches is complete on its own, and this 
study apphes several approaches to gain a more coherent picture. 
The three main strands of energy analysis and their applications to Japan 
are outhned below. 
Energy supply analysis 
Most of the analysis of the energy situation in Japan in the last twenty years follows 
the first strand, energy supply analysis. Security of supply has been a dominant 
concem for Japanese government and industry (a concern examined further in 
Chapter 8) and has attracted a large proportion of research on energy issues in Japan. 
Models of world energy flows, often focused on particular fuels, are common in the 
Japanese literature. 
This study is concerned with changing patterns of energy use in Japan, rather 
than with the changing structure of world energy supply. This study thus does not 
address supply-side issues directly, though there is clearly a connection between the 
supply and demand sides through the price mechanism. World energy prices are 
treated as exogenous in this study. 
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Energy demand analysis 
Energy demand models can be grouped into two types: econometric models and 
process models. 
Econometric models typically take aggregated energy consumption data and 
seek to establish ex post relationships with key macro-economic variables (such as 
incomes, output levels, interest rates) and energy prices. The results of econometric 
modelling of Japan's energy demand, and estimates of the main factors determining 
levels of energy demand in Japan, are summarised later in this chapter. Econometric 
techniques are limited to short-run functional forms as the estimation depends on an 
absence of underlying structural change. Structural breaks can be identified with these 
techniques, but robust results are limited to periods between such breaks. The 
structural decomposition analysis described later in this chapter is more appropriate 
for analysing energy issues with Japan's rapidly changing economic structure. 
According to Capros and Samoulidis (1988 p 43), process models use 
disaggregated data to combine engineering approaches to energy consumption with 
a priori analysis of consumer decisions based on expectations from economic 
theory. Engineering approaches assess the technical energy efficiency of a process 
solely in terms of the volume of energy consumed and volume of output generated. 
Process models examine the mechanisms of change in fuel substitution and fuel 
conservation within industries in the medium to long term. This approach is applied 
to the main energy-intensive manufacturing industries in Chapter 6. 
Energy-economy interactions 
The third strand of energy analysis involves modelling which integrates energy 
demand into the broader economy. These models are of four main types: at the 
broadest level of aggregation is analysis of the energy coefficient, total energy 
consumption per unit of economic output. The three other types are more 
disaggregated: techniques using production functions; structural decomposition 
analysis; and input-output approaches. 
One of the main motivations for this study is to understand the changing 
pattem of Japan's aggregate energy intensity (its energy coefficient) and in 
particular to assess the apparent decoupling of aggregate energy demand from 
GDP observed through the 1970s and early 1980s. The overall trends in the energy 
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coefficient through time for some industrialised economies were introduced in the 
previous chapter. A number of researchers have examined these trends for 
development paths and signs of commonality between different economies. The 
results of this work is summarised later in this chapter. 
The production function modelhng process typically uses KLEM functions 
incorporating capital (K), labour (L), energy (E) and other material inputs (M). It 
is useful in long-run analysis to link energy demand and economic growth, and 
these techniques allow derivation of the aggregate elasticities (both own-price and 
cross-price) of the four factors. There has been some sophisticated modelling of 
energy in the Japanese economy using these techniques and the results are 
summarised later in this chapter. 
Structural decomposition analysis focuses on the mechanisms of medium to 
long-run change in the energy-economy interaction and is a useful complement to 
the short-run functional forms that can be estimated with econometric techniques. 
The methodologies take changes in key indices, such as the energy coefficient, and 
decompose the changes into components, quantifying the contribution of each 
component. Components can be both sub-periods and the different parts of the 
whole economy. The extent of structural change between 1973 and 1991, 
especially within the manufacturing sector, is examined in Chapter 4. Results 
suggest that structural change has been the norm rather than the exception in this 
period, limiting the scope of econometric estimation to shorter sub-periods within 
this time frame. Structural decomposition analysis is combined with input-output 
techniques in Chapter 5 to yield a comprehensive disaggregation of energy 
intensity shifts in the Japanese economy in the 1980s. 
Input-output approaches use disaggregated output and energy consumption 
data to model the relations between sectors of the economy, both statically and 
through time. Input-output models are mechanical, in that they do not incorporate 
behavioural adjustments and are hmited by the enforced exogeneity of 
technological coefficients (Capros and Samoulidis 1988). Change in technological 
coefficients can be tracked between periods where consistent data is available. 
Proops et al describe the approach as: 
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.... flexible and encompassing. It can be used for theoretical and empirical 
analysis on a disaggregated and aggregated level for systematic enquiry of 
static and dynamic micro-economic and macro-economic problems. 
(Proops et al 1993 p 98). 
Input-output approaches to energy-economic systems analysis are 
appropriate when seeking to decompose changes in aggregate statistics, like the 
energy coefficient, by time periods or economic sectors. Input-output techniques 
allow analysis of not only direct energy consumption but indirect energy 
consumption as well. Using this approach, changes in the mix of inputs and the 
consequent level of indirect energy consumption embodied in the inputs can also be 
analysed. 
Under the broad strands of energy demand models and energy-economy interaction, 
this thesis makes use of the six approaches to analysis of energy demand introduced 
above: 
i) energy demand modelling using econometric techniques; 
ii) energy demand modeUing using micro-level process techniques; 
iii) energy-economy interactions modeUed through changes in the aggregate 
energy coefficient; 
iv) production functions incorporating energy as an input; 
v) structural decomposition analysis; and 
vi) input-output techniques incorporating energy. 
Results for some of the approaches are readily available from the energy 
economics literature, and this study applies the other approaches to Japanese data 
for the first time. Results for Japan available from published research are limited to 
42 
some econometric modelling results, some estimation of production functions, 
examination of the energy coefficient and some decomposition of net energy 
consumption. This study fills the gap by providing results for the other approaches, 
and for combining techniques for input-output analysis with structural 
decomposition. This study also extends the energy demand decomposition 
technique to energy intensity decomposition, decomposes the changes in the 
energy coefficient and uses micro-level process analysis of inputs and outputs in 
particular industries to analyse energy efficiency gains in the main energy-intensive 
industries. 
The relationships between the six approaches are classified in Table 2.1 
below. 
Table 2.1 Classification of energy demand analysis models 
Model Type Characteristics Aggregation 
Level 
Estimation of energy demand relations 
econometric demand models 
production functions 
Energy economy interactions 
energy coefficients 
micro-level processes 
structural decomposition 
input-output 
short-run functional form 
short-run functional form with 
macro-economic factors 
aggregate energy consumption 
and output 
engineering and micro-economic 
process analysis 
decomposition of structural 
change, typically sectoral 
short-run fixed, seeks long-run 
relationships 
high 
high 
high 
low 
variable 
low 
Source: Combination of classifications in Capros and Samoulidis (1988), Wirl 
and Sziruscek (1990) and Labys (1982). 
The table separates the six approaches according to the degree of 
aggregation of data and whether they seek to estimate relationships between 
explanatory factors or decompose changes in data. Estimation techniques seeking 
short-run functional forms for energy demand use aggregated data and can be used 
to locate structural break points but not to analyse how (or where within the 
economy) the breaks occur. Production functions seek to define the best mix of 
inputs (including energy) under different scenarios. Long-run and highly 
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aggregated energy coefficient models try to generalise across countries at the 
broadest macro level. Micro-level processes consider the energy implications of 
technological innovation and diffusion of energy-saving processes. Structural 
decomposition allows location of and quantification of shares of change, and can 
be combined with input-output analysis to look at indirect as well as direct energy 
consumption and energy intensity. Input-output methods allocate energy 
consumption, direct and indirect, across all sectors of the economy. 
The choice of tool depends on the objectives of the research. These 
objectives might be to explain short-run relationships and responses to influencing 
variables, or they might be to explain longer run overall energy/output patterns and 
intemal structural change. 
This thesis analyses the factors behind both short and long-term changes in 
energy demand, and so makes use of a variety of tools. None is complete on its 
own, but together they can be fitted together to provide a complete and coherent 
picture. The 'long-lived nature of typical energy-using equipment' (Watkins and 
Berndt 1983 p 106), for example, means that short-run responses in energy use to 
price fluctuations will be temporary changes and thus give a distorted picture of 
change in energy demand in the long-term. Long-run economic growth and 
technological progress on the other hand tends to dampen the influence of price 
shocks. The combination of these analytical tools provides a useful framework for 
developing a more complete picture of changes in energy consumption. 
The sections above introduced six approaches to analysing energy demand. Some of 
these have been well covered in the literature, and the results are summarised below. 
The section following the discussion of existing results introduces techniques for the 
other tools that have not yet been applied to Japanese data in the economic literature. 
These techniques are applied to Japanese data in the core chapters of this thesis. 
RESULTS FROM THE ENERGY DEMAND LITERATURE 
Useful results for Japan using three of the six approaches to energy demand analysis 
introduced above have been published in the economic literature. Results for work on 
international energy-output ratios, econometric modelling of energy demand in Japan, 
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and production function modelling of energy-economy interactions in Japan are 
summarised below. 
Energy demand: econometric analysis 
Econometric energy demand models generaUy seek to estimate the income and own-
price elasticities of energy demand (eg Brennand and Walker 1990; Pindyck 1979a, 
1979b; Welsch 1989). The own-price elasticity of demand gives an indication of the 
extent to which demand adjusts to changes in price. Log-hnear relationships were 
postulated in earlier studies, implying explicitiy constant elasticities over the period. 
More recent work using log-log functional forms allows the elasticities to vary 
(Brennand and Walker 1990), though these forms have been criticised by Plourde and 
Ryan (1985). 
International comparisons confirm that the results of this type of modeUing, 
especially when done on an aggregated level for a whole economy, are highly 
sensitive to structural changes. These structural changes tend to take place 
differentiy in each of the economies, reflecting a mix of international and domestic 
adjustment pressures. The result is wide disparity in income and own-price 
elasticities (Brennand and Walker 1990). Internal structural change is the rule 
rather than the exception, violating the basic condition that cross-economy 
comparisons should be made only when the underlying factors are stable (see, for 
example Watidns and Bemdt, 1983 or Moroney, 1989). 
Itoh (1992) suggests that this disparity is consistent with using time series 
data over structurally changing economies, and notes that cross section data 
usually finds income elasticities of energy demand close to 1. 
Results for Japan 
Price elasticities of demand estimated for Japan have been quite variable. The trends 
suggest that energy demand became much more price sensitive after the 1973 oil 
shock, and again after 1979. The long-run own-price elasticity for aggregate energy 
over 1960-87 was estimated at -0.84 by Perkins (1989) and Pindyck (1979b). Perkins 
noted the drop after the oil shock, from -0.77 over 1973-79 to -0.62 over 1979-87. 
The average for primary fuels only for 1970-1988 was estimated to be lower, at 
-0.366 (Itoh 1992). 
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Table 2.2 Demand elasticities (all energy) 
YEAR Own-price elasticity Income elasticity 
1965 -0.1946 1.4432 
1970 -0.0750 1.0286 
1975 -0.2553 0.9066 
1980 -0.4081 0.7913 
Source: Itoh K. 1992, Enemgii Keizai Gairon [Introduction to Energy 
Economics] Enemgii Kiso Koza Tekisto Ichi [Foundation Lectures in 
Energy, Text One] Nihon Enerugii Keizai Kenlcyujo [Institute of 
Energy Economics], p 18. 
Income elasticity, on the other hand, feU gradually over the 1965-1980 
period (Table 2.2). Perkins' estimate for aggregate energy income elasticity was 
significantly higher at an average of 2.13 over 1960-87, but again these results 
varied widely and were negative in the years immediately after the second oil crisis 
in 1979. The average for primary fuels only 1970-1988 was estimated at 0.417 
(Itoh 1992). 
MITI's 1994 Long Term Outlook for energy demand was based on 
assumptions of aggregate elasticity of energy demand of between 0.3 and 0.4, 
though more realistic estimates are in the order of 0.5 to 0.6 (Ikuta 1994). 
Aggregate elasticity of final energy consumption with GNP has varied 
considerably, ranging from 1.28 between 1965 and 1973, to 0.23 between 1973 
and 1979, to 0.84 from 1986 to 1992 (EDMC 1994 p 15). 
Energy-output ratios 
The literature on cross-country comparisons of the energy coefficient centres on the 
searches for universal relationships between the ratio of energy demand and output, 
and for long-term differences in elasticities between developed and developing 
countries (Hsiao and Hsiao 1985 p 153; Proops 1988 p 202). These development 
effects relate to expectations that economic growth brings maturing of an economy 
through industrial and post-industrial stages. There is consensus in a wide literature 
that relationships underlying these simple coefficients are complex and preclude 
testing for a definitive functional form for one economy, let alone across different 
economies. 
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Moroney (1989) seeks to identify an overall functional form relating 
aggregate energy demand and GDP for 43 OECD countries. He concludes that 
there may not be a single appropriate functional form and notes that this aggregate 
process does not pick up the substantial changes and different characteristics that 
underlie the energy-economy interactions in these economies. This suggests that it 
may be more effective to base analysis on the process by which energy is used in 
the economy — such as by production functions incorporating capital and labour. 
Ramain (1986) looks at the breaks and structural changes in the energy coefficient 
for OECD countries over a long time period and comes to a similar conclusion — 
the more analysis is undertaken the less order there seems to be. This suggests that 
in this simple form the relationship between energy consumption and output is mis-
specified to such an extent that it is not possible to derive a smooth functional 
relationship. Furthermore, efforts to clarify the causal link between the two factors 
where statistical relations have appeared, despite the mis-specification, have proven 
less than successful, (Yu and Hwang 1984; Ramain 1986; Moroney; 1989). 
Economic products are highly diverse, with some much more value-added 
products more highly processed than others, for example, and embodying more 
energy in production. The aggregate energy coefficient is thus not an accurate 
indication of the efficiency, either economic or technological, with which energy is 
used in production. The energy coefficient approach uses aggregate output data 
and is constrained by the nature of national accounts data, where output value is 
measured as the value of goods and services accounted for in normal economic 
markets. These data only cover items for which there is a price, whether that be for 
a real private good or service, or a public service wage or the cost of providing a 
particular public service. Discussion in Chapter 1 showed how differences in 
energy consumption levels relate to differences in broad economic structure. The 
aggregate energy coefficient only considers the final total levels of these two 
variables and is interesting, but limited in its interpretation. 
Looking for evidence of an overall 'development effect' using the 
aggregate energy coefficient, Nguyen (1984) prefers an engineering, 
thermodynamic energy auditing/accounting approach tracking the energy flows 
within economies as they develop since this minimises functional mis-specification. 
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This approach has been extended and formalised by Proops (1988 and 
1984). Proops addresses the nature of the relationship between energy 
consumption and output by modelhng mathematically the observed peaked profile 
of the energy elasticity coefficient, rather than looking for relationships in subsets 
of the data. This leads to a simple overall model of energy demand which can be 
tested, and fits observed aggregate data. Ramain (1986), however, argues that this 
approach is still mis-specified to the extent that it does not include the price 
variable or for that matter any explanatory variables. However, when other 
explanators are included in cross-country comparisons, the underlying differences 
between economies in terms of factor endowments, trade patterns and economic 
structure dominate over the changes in the energy coefficients and the superficial 
patterns disappear (Watkins and Berndt 1983). Derivation of an overall 
relationship depends on some underlying conformity amongst the economies 
compared and at this coarsest level of aggregation such conformity does not exist. 
Energy-economy links: production functions, adjustment and substitution 
Alongside the econometric approach to estimation of energy demand elasticities is a 
methodology that treats energy as one of the factors of production. This type of 
energy demand analysis typically uses translog production (or sometimes cost) KLEM 
functions specified in terms of capital (K), labour (L), energy (E) and non-energy 
material (M) inputs. 
Studies by Rose and Chen (1991), Itoh (1992), Pindyck (1979b), Berndt 
and Wood (1975, 1979) and Hudson and Jorgenson (1974) are representative of 
this approach and key results are summarised below. The estimated models provide 
a measure of the elasticity of response in energy demand terms to changes in factor 
prices, both own-price and cross-price. Usually all factors are included and 
analysed as both substitutes and complements. The scale of these response 
elasticities is useful for assessing the impact of policy or other relative price 
changes on energy demand. This methodology does not, however, provide great 
insight into the longer term structural changes of an economy as it develops, such 
as changing mixes of inputs and outputs, improvements in technology and 
production processes, and the impact of changing patterns of trade on energy use 
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in production. These questions are more effectively addressed using the input-
output techniques introduced later in this chapter. 
The neoclassical framework can be used to generate hypotheses conceming 
the likely impact of exogenous energy price shocks on an economy and processes 
of adjustment where certain conditions are met. The most relevant of these 
conditions for this study is that adjustments can take place, that is when factor 
markets are competitive and factors are mobile. When this condition is met it 
follows that for an economy in equilibrium that is subject to a change in relative 
factor prices, a new equilibrium will be established at the new set of relative factor 
prices. The new equilibrium will reflect the consequences of adjustments to the 
new prices. Little is forecast, however, about the process of adjustment between 
equilibria. 
Economic intuition suggests that substitution will occur that favours 
relatively less expensive factors over the more expensive ones. Huntington (1991) 
observes, however, that some restrictions on the utility functions goveming 
preferences for use of the factors are required in order to derive unambiguous 
rigorous theoretical confirmation of this intuition. Further, econometric modelhng 
requires that the production functions used are weakly separable in their main 
components, typically capital, labour, energy and non-energy inputs. This 
assumption is usually satisfied (Pindyck 1979b). 
Huntington demonstrates that in response to an energy price change, unless 
there is income compensation, it is not possible to derive theoretically 
unambiguous relations concerning substitution between more or less energy-
intensive activities without restrictions being placed on the nature of the decision-
maker's utility function. An energy price change 'shifts the effective prices of all 
activities, while the direction of a substitution effect is determinable only when an 
activity's own price changes holding all other activity prices constant' (Huntington 
1991 p 34). 
Furthermore, an energy price shock affects many parts of the economy at 
the same time (Hudson and Jorgenson 1974), thus limiting the effectiveness of the 
ceteris paribus necessary condition. The prices of many inputs will change and it is 
necessary to model comprehensively and dynamically to gauge the effects of a 
change in energy prices alone. 
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While the direction of substitution cannot be determined theoretically 
without the above restrictive assumptions, this is a caution for the mathematical 
modelling process and in the links between the mathematical modelling and 
intuition, rather than a pointer to irrelevance of theory. There is much empirical 
evidence to support the intuitive notion that substitution will take place favouring 
relatively less expensive factors. This takes place at the micro level, between fuels, 
as well as at the macro levels between industries and between countries, favouring 
those (industries or countries) maintaining a comparative advantage in production 
at the new set of relative prices. Huntington (1991), however, questions the 
validity of jumping from micro, household budget type, models directly to an 
economy wide similar postulate because the role of energy in a wide variety of 
inputs in the economy is not readily reconcilable with the much simpler household 
budget framework. 
Results of estimations 
Assessing the role of energy in the structure of production involves estimation of 
models, usually dynamic, of production functions incorporating the relative prices of 
energy and the other key factors of production: capital, labour. These studies often 
disaggregate energy into various fuels and electricity in order to derive inter-fuel 
substitution effects. The methodologies are particularly suited to the manufacturing 
sector where there is often some flexibility in the choice of fuel. Once again, as with 
econometric modelling of energy demand, data sets for economies over different 
periods yield different results for important issues such as whether (and under what 
conditions) capital and energy are substitutes or complements. Pindyck (1979b) 
provides a useful review of this literature. 
Pindyck (1979b) reports on interfuel substitution for the period 1959 to 
1973 and substitution between energy and two other factors of production, capital 
and labour. The study uses multi-country pooled time series and cross section data 
and suggests that the elasticity of substitution for energy and capital is positive 
(that is, they are substitutes) for all countries surveyed. The same relationships are 
suggested for labour-energy and capital-labour. Further, Pindyck suggests that the 
own-price elasticity of energy demand is negative and quite significant (-0.5 to 
-0.8), suggesting that the economies surveyed are quite sensitive to energy prices. 
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Will and Sziruscek (1990) point out that with the data series finishing in 1973, 
before the first oil price shock, this is not surprising. They quote a consensus 
emerging on own-price elasticity of energy demand at a lower level of -0.5, 
meaning that a 1 per cent increase in the price of energy leads to a 0.5 per cent 
decrease in energy demand. Income elasticities of energy demand appear generally 
to be around 1 (no decoupling of energy demand growth from income growth), but 
may at times be locally negative (Wirl and Sziruscek 1990). 
There has been some debate over the relationship between energy, capital 
and labour, as inputs in production processes. Bemdt and Wood (1975, 1979) 
divide approaches into engineering and economic streams, and conclude that 
energy and capital are complements in the short run (as plant combines with energy 
to deliver capital services), but may be substitutes in the longer run (confirmed in 
Pindyck, 1979b). This is supported in a summary by Itoh (1984), which is 
reproduced as Table 2.3. This data confirms that, in general, time-series and cross-
section studies yield similar results, except for the cross-price elasticity between 
capital and energy. This elasticity is consistently negative with time series data 
(shorter run) and positive with cross section data (longer run). This conclusion is 
supported by Kintis and Panas (1989). 
This summary of results shows the consistent trend for time-series analysis 
to lead to a negative capital-energy elasticity and for cross-section data to yield a 
positive capital-energy elasticity. Capital and labour consistently emerge as 
substitutes, in line with theoretical expectations, though the magnitude of this 
connection is quite variable, from 0.06 to 1.09. Energy and labour also appear as 
consistent substitutes, with elasticities typically close to 1. 
These methodologies can also be used to gauge degrees of substitution 
between fuels where data on different fuels is included. Pindyck (1979b) 
summarises analysis of data from seven European countries, Japan, the United 
States and Canada, all leading up to the first oil shock. All fuels (coal, oil, gas and 
electricity) are found to be substitutes, except for coal-oil and coal-gas, which are 
found to be complements across all the economies. Coal had the largest own-price 
elasticity in the study (up to -2.24) with own-price elasticities for gas in Japan also 
large (-2.34) but smaU for oil (-0.56). 
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Table 2.3 Elasticities of substitution 
Country Authors KL KE LE Data Type Period 
Japan Itoh & 
Matsui 
0.94 -2.11 0.97 time series 1960-75 
Japan Pindyck 0.81 0.86 0.96 pooled cross section 
and time series 
1959-74 
France Gregory & 
Griffin 
0.41 1.05 0.82 cross section 1965 
West Gregory & 0.50 1.03 0.85 cross section 1965 
Germany Griffin 
UK Gregory & 
Griffin 
0.39 1.04 0.84 cross section 1965 
USA Gregory & 
Griffin 
0.06 1.07 0.87 cross section 1965 
USA Berndt & 
Wood 
1.01 -3.22 0.65 time series 1947-71 
USA Hudson & 
Jorgenson 
1.09 -1.39 2.16 time series 1947-71 
USA Pindyck 0.82 0.61 0.93 pooled cross section 
and time series 
1959-74 
Note: KL is the elasticity of substitution between capital and labour, KE 
between capital and energy, LE between labour and energy. 
Source Itoh, K. (1984) Toranzuroggukei Hiyoo Kansu o Fukunda Macro 
Modem no Suikei [Estimation of Macro Models Using Translog Type 
Cost Functions], Nihon Keizai Kenkyu [Japanese Economic Research]. 
Lesbirel (1989) reports on interfuel substitution and elasticities for Japan, 
as does Perkins (1989). Perkins notes that the own-price elasticity of demand for 
oil increased after the second oil shock, but that this trend was reversed in 
subsequent years with falling real oil prices. The overall price elasticity of demand 
for energy also declined after 1979, while the income elasticity became strongly 
negative. Lesbirel notes that between 1973 and 1986 'Japan has had considerable 
success in diversifying out of oil into altemative energy' (p 286). 
The above material summarises the results of existing work relevant to analysis of 
Japan's energy consumption and energy efficiency patterns that has been published in 
the economics Uterature. It covers aggregate energy-output ratios, econometric 
modelling of energy demand and the production function approach to energy-
economy linkages. The next section introduces methodologies for the approaches not 
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widely covered in the literature but on which this study focuses: structural 
decomposition analysis, input-output analysis and micro-level process analysis. The 
aim of the analysis undertaken in the body of this study is to quantify and assess the 
components of energy demand in Japan and in particular to differentiate the 
technological (efficiency) component from the structural change component of 
changes in energy intensity between 1973 and 1991. 
TECHNIQUES APPLIED IN THIS STUDY 
The results from the economics literature summarised above address three of the six 
approaches to energy analysis used in this study: energy coefficients; econometric 
modelling of energy demand; and production functions. This study provides material 
for assessing Japan's energy consumption and energy efficiency profile by applying to 
Japanese data, for the first time, the other two approaches: structural decomposition 
analysis of energy intensity at different levels of aggregation; and input-output 
approaches. This study supplements published work on micro level processes in some 
industries. The picture that emerges from combining the results of these approaches is 
particularly useful in isolating the sources of energy intensity improvement within the 
Japanese economy between 1973 and 1991. 
Energy-economy links: structural decomposition and input-output analysis 
Two techniques are particularly powerful in decomposing energy consumption and 
energy intensity changes through the whole economy, and in quantifying the share of 
change of key sectors. These techniques are structural decomposition and input-
output analyses. 
Structural decomposition analysis 
This study is primarily concemed with the nature of long-term adjustment in the 
Japanese economy to changing energy prices. The framework introduced here is 
structural decomposition analysis off the energy and product flows in the economy, in 
both the shift-share form and input-output form. This methodology seeks to 
decompose comparative static changes in key parameters, such as energy intensity. 
53 
and assumes that structural and technological change is constantly going on beneath 
the changing levels of output (Rose and Chen 1991). 
Inferences that can be drawn from inter-spatial and inter-temporal 
comparisons of the 'energy coefficient' are restricted by the complexity of 
relationships between the determinants of energy demand and economic structure. 
It is possible that future studies will be sufficiently advanced to provide a holistic 
approach dealing with the complex cause-effect relationships of energy price 
changes, decomposing a range of separate and joint components. Rose and Chen 
(1991) propose an innovative integrated framework as a first step towards a 
realistic comprehensive model, though this is beyond the scope of this study. 
Structural decomposition analysis is the most appropriate framework for this study 
since, unlike the shorter run functional form approach, it does not rely on some 
element of structural stability to provide reliable results. 
This study adds to the current stock of research on Japanese energy issues 
by considering areas that have not been covered before, in particular the 
decomposition of the change in aggregate energy intensity, rather than change in 
energy consumption, and the appHcation of input-output techniques to Japanese 
energy data. An approach to the energy intensity work undertaken in this study is 
set out below, following an introduction to the appropriate techniques. 
Introduction to techniques 
Many factors have been found to be determinants of economic structural adjustment. 
These include changes in: final demand, technologies, industry scale and scope, trade 
(KeUy et al 1989; Kibune 1990), energy prices, differential growth rates, capital 
investment, productivity, international competitiveness (Bending et al 1987), and the 
changing mix, at the industry level, of inputs and outputs. 
Structoral adjustment happens at many levels in an economy. Some 
adjustments will be due to fluctuations in relative prices and national adjustments in 
response to changing international comparative advantage, and some due to 
continued maturing of the economy. These adjustments take place at many levels: 
across the economy (inter-sectoral change); across sectors (inter-industry change); 
and within industries (intra-industry change). 
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At the crudest macro level are the shifts between the major economic 
sectors. Most of the industrialised economies show a trend for decreasing 
proportion of GDP from the industrial sector, offset by increasing shares from the 
transport and service sectors. 
At the sectoral level, changes in the relative sizes of the main industries 
within the industrial sector are important in energy analysis because of the wide 
range of energy intensities found in the sector. 
There may well be structural change within an industry too as, for example, 
the Japanese steel industry moves to produce higher cost, higher quality special 
steels, boosting the value of the industry's output. See Bending et al (1987) and 
Kelly et al (1989) for a detailed discussion of the relationship between these kinds 
of adjustments and energy consumption. The focus of this section is the way in 
which energy flows in an economy. 
The aggregated 'energy coefficient' is defined, as above, as EA^. With 
E = L Ci being the total level of energy consumption in the economy, the sum of 
energy consumption Ci in each unit i (with i being the sector, industry or other 
economic unit depending on the level of aggregation). Y is the total output of the 
economy and is defined as Z yi, where yi is the corresponding unit's output. Change 
in this aggregate coefficient masks structural shifts between and within economic 
sectors, which need to be disaggregated to begin to identify causes and influences 
on the overall change. Structural decomposition analysis is the most appropriate 
methodology for undertaking the disaggregated analysis necessary to address these 
issues. 
Energy accounting and GDP accounting 
Change in the aggregate EA" ratio is a result of change in the components of energy 
consumption (E) and output (Y). The cumulative effect of the change in components 
yields the aggregate change in the ratio. These components are likely to change at 
different rates, however, and in analysing change in the aggregate ratio it is important 
to assess the location of the particular components with the greatest contributions to 
overall change. In this case, it is useful from an energy point of view to distinguish 
relative growth in the five main sectors: industry, utihties, the residential sector, the 
commercial sector and transportation. With the exception of the utilities, these sectors 
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are typically those for which GDP data is readily available. Clearly, over time there 
will be structural shifts within and between these sectors. 
Energy price fluctuations are an important catalyst of structural change. 
Huntington suggests that higher energy prices impact on the economy in three 
ways. Firstly through the price effects on input choice within an industry or 
activity. Secondly, energy price increases can also affect the consumption of goods 
and services by directly making energy-intensive activities more expensive relative 
to others. Thirdly by higher energy prices 'indirectly shifting the composition of 
demand through changes in aggregate and factor income' (Huntington 1991 p 24). 
Huntington suggests that it is the cost share of energy as an input relative 
to the costs of other inputs which is the deciding factor in the response of each 
industry (or sector) to a price change. Direct effects account for the rising costs of 
outputs from energy-intensive industries following an energy price rise, and the 
concurrent substitution away from energy to other inputs. Furthermore, 'indirect 
effects could arise because energy shocks redistribute income between different 
factor owners, or because they reduce investment and the demand for capital 
goods' (Huntington 1991 p 24). 
While the direction of the direct effects is usually determinable, the overall 
direction of indirect effects is more difficult to predict. From an energy standpoint, 
for most industrialised countries the industrial sector accounts for the bulk of 
energy consumption. Given the trends towards technological change to advance 
energy efficiency it is not unreasonable to expect that this sector also accounts for 
a significant proportion of change in the overall energy coefficient. These 
hypotheses on the relationships between energy prices and structural adjustment, 
and on the mechanisms of this adjustment, are tested for Japan in Chapter 4. 
Energy: volumes and intensities 
Structural decomposition methods can be applied to both energy demand volumes 
(such as million tonnes of equivalence, or mtoe) and energy intensity (mtoe per output 
value). 
There was considerable interest in modelling structural changes in energy 
demand through the 1980s as a policy tool as much as out of theoretical interest. 
Structural decomposition analysis lends itself to analysis of the efficiency with 
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which energy is used at both aggregated and disaggregated levels and enables use 
of both value-added data as well as output data (Kelly et al 1989). 
Some of the structural decomposition work in the economics hterature aims 
at decomposing the volume change in energy demand into components due to 
technological change, due to production level changes and due to change in 
production shares. Examples are Institute of Energy Economics (1984) and EDMC 
(1993a), Reitler et al (1987), Kelly et al (1989) and Hankinson and Rhees (1983). 
Energy demand decomposition work considers the change in energy demand over 
a period in relation to changing production shares and decomposes the change in 
demand into components due to technological advancement, changes in output 
levels and changes in the mix of outputs. The outcome of these analyses is typically 
like Figure 1.10 in Chapter 1 which decomposes an overall change in energy 
consumption for an economic sector into the above three components. 
The picture provided by these more disaggregated types of energy demand 
analyses, which yields information about the determinants of energy demand, can 
be completed by analysing the actual flows withm the economy captured by input-
output tables and linking this with energy flows. The flows within an economy 
captured by input-output tables allow incorporation of inter-industry transfers, 
which are essential in estimating the energy embodied in deliveries to final demand. 
The structural changes revealed by this process give indications of the longer term 
developmental path of the economy across various economic activities. Input-
output methodologies use input-output tables to measure the changes in 
intermediate demand as well as the effects of structural changes on final demand 
(Kelly et al 1989; Proops et al 1993, Proops 1988, 1984; Common, Proops and 
Speck 1993; Common and Salma 1992a, 1992b; Common and McPherson 1982). 
Other studies seek to decompose the change in energy intensity in terms of 
mtoe per unit of output rather than decomposing the change in mtoe volumes. In 
considering intensities a statistic, an index, is used. Some researchers use input-
output data, others use indices of industrial output or gross output data. Some 
examples are Boyd et al (1987, 1988), Jenne and Cattel (1983), Huang (1993) and 
Park (1992). The application of structural decomposition approaches in these 
studies leads to quantification of how much of the change in aggregate energy 
intensity is due to structural change factors, at whatever levels of disaggregation, 
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and how much of the change in aggregate energy intensity is due to technological 
change. 
The approach referred to above which decomposes the changing volumes 
of energy consumption generally finds output level the major factor behind energy 
consumption levels. This output level explanator disappears with application of the 
energy intensity approach used in this study as intensities are already weighted to 
take account of production levels. 
This type of analysis of energy consumption and structural change requires 
generation of energy intensity coefficients and derivation of production coefficients 
from input-output tables. Where data is available the same methodology can be 
applied at different levels of aggregation, from within a single industry to across 
the whole economy. Unit energy consumption is divided by unit output to yield 
unit energy intensity. 
The process of decomposing changes over time requires careful period 
specification. Results differ if, for example, prospective (beginning of period) 
values are differenced, rather than retrospective (end of period) values. Reitler et al 
(1987) are critical of the results of Hankinson and Rhys (1983) for mixing 
prospective and retrospective differences, and show that mean values ('central 
differences') are the most appropriate way of decomposing differences over time 
periods. Proops et al (1993) show that taking central differences eliminates the 
remainder term when approximating the decomposition for an equation in two 
variables (p 60). This process, explained below, allows for differentiation of the 
technological change component of energy efficiency change from intra-sector and 
inter-industry structural change components (Boyd et al 1987, 1988; Jenne and 
Cattell 1983; Huang 1993). 
The basic methodology for analysing the shifting shares is the same 
whatever the level of disaggregation: whole economy, within a sector or within an 
industry. Several studies have been done allowing comparison of results across 
countries. These include Korea (Park 1992), China (Huang 1993), the United 
States (Boyd et al 1987, 1988) and Kelly et al (1989) and, more theoretically 
rigorous, Reitler et al (1987) and Hankinson and Rhees (1983). 
58 
Structural decomposition analysis techniques 
Using data for the whole economy, structural decomposition analysis usually shows, 
for most economies and most time periods, that the manufacturing sector accounts for 
the bulk of changes in energy consumption and intensity levels. With disaggregated 
data it is possible, and extremely useful from analytic and poUcy perspectives, to 
separate the shifts in energy demand and intensity among industries within the 
manufacturing sector. The methodologies used here are the same whatever the level 
of aggregation of the data. The same techniques are used to analyse shifts in energy 
demand and energy intensity in the whole economy as are used to analyse shifts in one 
sector or in one industry. 
Structural decomposition analysis begins with the components of the 
aggregate energy coefficient: 
Et = Z ejt and Yt = X yn 
where e^ is the energy consumed by economic unit i over time period t, and 
yit is the output of the economic unit. 
Activity levels can be measured in a number of ways, typically gross value 
of output, value added (component of GDP) or index of industrial output (IIP). 
Huntington (1991) demonstrates that the output measure is less ambiguous than 
value added measures as the latter is biased 'with the direction and magnitude of 
this bias dependant upon the relative energy cost shares and input substitution 
elasticities of the activities' (p 34). 
The gross data for Japan in Figures 1.2 and 1.3 in Chapter 1 show a large 
overall reduction in the aggregate energy coefficient over the period 1973 to 1991. 
Decomposition of this change to separate structural change from technological 
components requires a weighting system that adds over sub-sectors and over sub-
periods. The Divisia index is one approach. 
The Divisia index of Boyd et al (1987 and 1988) is additive over time 
periods and over sub-sectors, stems from general economic index number theory 
and is closely related to the derivation of the Laspeyres index in particular. This 
study uses a similar weighting which operates on the differences in the EA" ratio 
over time rather than deriving a continuous growth rate of aggregate energy 
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intensity as the Divisia index does (Boyd et al 1987, p 94), The weighting system 
used in this study is derived below. 
Defining en as the energy consumed by activity i over period t 
yit as the output from activity i over period t 
Et as sectoral energy consumption over period t 
Yt as sectoral output over period t 
as above, then 
E^Yt = (L e,t) / (X y.t) 
= 1/Yt [Z (e,)] 
= Z [(e„/y,t) (y,/Yt)] (D 
which means that weighting the energy intensity of an activity by the 
activity's share of output yields an additive measure of the activity's share of gross 
energy intensity. 
Equation 1 leads to a decomposition of the changes in aggregate energy 
intensity. Equation 1 can be rewritten as: 
E y Y t = S W i , Sit 
where Wit = t the energy intensity of industry i in period t, and 
Sit = yit/Yt, industry i's share of output in period t. 
Then, changes over time can be expressed as: 
A(EA') = (E.A't) - (Et-iA't-i) 
= Z [Wit s,t] - S [w,t-i Sit-i]. 
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Using the central difference assumption in the manner of Reitler et al 
(1987), this difference of products can be expressed as: 
ACEA") = X [ W i t - W i t - i ] [S i t + Sit-i]/2 + X [S i t - Sit-i] [ W i t + Wit-i]/2 
= L Aw, [su + Sit.i]/2 + E As, [w,t + w,t-i]/2 (2) 
with the first term covering the impact on overall intensity change that 
stems from changes in industry-level energy intensity, and the second term 
accounting for the impact on overall intensity change of structural changes in the 
mix of outputs. 
This formulation provides a decomposition which satisfies the chain tests of 
Boyd et al (1988) since the components sum over sub-periods to the period total. 
The components also sum over sub-sectors and industries to the total change in 
intensity in the sector. This formulation is thus preferred to that of Reitler et al 
(1987), derived for energy consumption (not intensity) levels, which was criticised 
by Boyd et al (1988) for failing these tests. Furthermore, separation of industry 
intensity and structural change effects in this form also sums to the total intensity 
change, allowing complete decomposition by time period, industry and form of 
change (technological or structural). 
While the decomposition techniques used above are analogous to those 
used by Boyd et al (1988, 1987) and Reitler et al (1987), these papers decompose 
aggregate energy consumption rather than aggregate energy intensity. This 
dissertation aims to decompose and analyse Japan's changing pattern of energy 
intensity, as it is this statistic which changed more over the 1973-1991 period in 
Japan than in any other OECD economy. Decomposition of energy intensity allows 
location of the main sectors and industries responsible for the change in aggregate 
energy intensity, taking account of increasing overall production (and hence energy 
consumption) levels. 
This methodology is appHed in Chapter 4. 
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Input-output techniques 
The discussion above noted that there are several ways of measuring activity levels. 
Input-output data as an indicator of output is useful for structural decomposition 
analysis as it provides a consistent and comprehensive source of data covering a wide 
range of economic activities, data which is frequently available in aggregated as well 
as disaggregated forms. Input-output data is readily reconciled with GDP data and the 
United Nations System of National Accounts (UNSNA). The UNSNA is used 
consistently across countries and so can be used as a basis for cross-country 
comparisons. 
Some structural decomposition studies use input-output data simply as a 
measure of output (for example Rose and Chen 1991; Park 1992) while others take 
the methodology further, developing an input-output framework for energy 
intensity decomposition analysis that incorporates the activities of intermediate 
production sectors (such as Casler et al 1991; Kelly et al 1989; Proops et al 1993, 
Proops 1988, 1984; Common, Proops and Speck 1993; Common and Salma 
1992a, 1992b; Common and McPherson 1982; Park 1982). 
Input-output analysis allows estimation of technological coefficients of 
production. Input-output data typically covers a period of a year, and estimation 
of these coefficients implicitly assumes that they have been fixed over this period, 
an assumption which is clearly not appropriate when very short-run responses to 
price changes are being analysed. While the assumption is not realistic, the data can 
be useful in analysing medium-term adaptation and substitution between economic 
activities. In Chapter 6, this study considers short-run adaptation in four industries 
in detail to complement the longer-run inter-sectoral results. The input-output 
approach provides a way of disaggregating intra- and inter-sectoral adjustments to 
the desired level by recreating transactions in the economy based on the 
technological coefficients of production and final demand. 
The input-output approach has been characterised as 'an adoption of the 
neoclassical theory of general equilibrium to the empirical study of the quantitative 
interdependence between interrelated economic activities' (Leontieff 1966 p 134). 
In its application to energy analysis, the process is superior to calculating energy 
intensities from the simple ratio of the volume of direct energy inputs to the value 
of direct material outputs. The strength of the input-output approach in energy 
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analysis lies in it picking up the indirect energy inputs that are consumed in 
production of intermediate goods. It enables 'the allocation [of total energy 
consumption] across all fmal demand deliveries' (Common and Salma 1992b) so 
that each unit delivered to fmal demand incorporates an allocation from total 
energy consumption. 
A simplified illustrative example of a two sector economy follows: 
Table 2.4 Two-sector input-output table 
Intermediate demand in Total intermediate 
Agriculture Industry demand Final Demand Total Output 
Agriculture 10 80 90 120 210 
Industry 40 40 80 150 230 
Sub-total 50 120 170 270 440 
In terms of energy intensities, assume that in the two sectors, 
direct energy intensity of agriculture 100 kcal/output unit 
of industry 300 kcal/output unit. 
Total outputs of agriculture = 210 units 
Energy equivalent = 21,000 kcals (kilocalories) 
Total outputs of industry = 230 units 
Energy equivalent = 69,000 kcals 
Total energy consumed = 90,000 kcals 
The above total is the direct amount of energy consumed in the production of the 
outputs. The input-output process allows calculation of the indirect energy 
consumption levels as well. 
By way of example, the 10 units of agriculUiral output used as an 
intermediate input into the agriculture sector would have consumed 
10 X 100 = 1000 kcals in their production. Similarly, the 80 units of agricultural 
output used as input to the industry sector would have consumed 
80 X 100 = 8000 kcals in their production. These are the first round indirect energy 
consumption levels. The 10 units of agricultural sector output would also have 
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been produced using a mixture of agriculture and industry sector processes, leading 
to second round, third round and so on indirect energy consumption. 
Indirect energy consumption can be calculated using the input-output 
methodology detailed below. In this example, once indirect energy requirements 
are included along with direct requirements, energy intensities rise to 193 kcal/unit 
for agriculture and 444 kcal/unit for industry. In short, the energy embodied in a 
unit of industry output includes the energy embodied in the inputs. This is the total 
indirect effect. Clearly, each round of inputs themselves required energy in their 
manufacture, and so form the second, third and fourth round indirect effects and so 
on ad infinitum. Quantification of these feedback effects is of great importance in 
allocating energy intensity and consumption levels across a more complex 
economy. It provides a more precise measure and ranking of the energy-intensive 
sectors and the impact on overall energy consumption and intensity levels of 
changes in final demand in these sectors. 
Change in energy consumption and energy efficiency in the Japanese 
economy is highly dependent on change in a few key industries. It is critical in 
seeking to understand the overall energy-efficiency performance of the economy 
that the contributions from each of these industries be quantified, thus locating the 
key sources of efficiency change. Input-output analysis allows this quantification 
for direct as well as indirect energy consumption and intensity. 
The structural change methodology then takes the coefficients of 
production and energy intensity derived from input-output data for a particular 
period and compares them with data from other periods. Differences in energy 
consumption and intensity levels can then be decomposed along the lines of the 
structural decomposition analytical methods above (Proops et al 1993) to allocate 
shifts in energy consumption and efficiency due to structural changes between 
sectors and technology changes. 
The following draws on the methodology of Proops et al (1993), Proops 
(1988), Common and Salma (1992b) and Common, Proops and Speck (1993). 
While these methodologies generally deal with analysis of emissions of greenhouse 
gases, it is straightforward to adapt the process for use with energy consumption 
and energy intensity. 
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Following the example of the simple two sector economy introduced 
earlier, suppose a two sector model economy. Final demand is final consumption 
by households, govemments, exports, stockpiles and inventory. Total output thus 
includes deliveries direct to final demand as well as intermediate deliveries that are 
inputs to downstream processes before final consumption. 
Table 2.5 Generic two sector economy 
Agriculture Industry Final Demand Total Output 
Agriculture X n X12 Y, X, 
Industry X21 X22 Y2 X2 
Labour Li U 
In this form the rows are the inputs and the columns the outputs. We assume that the 
inputs into each sector are proportional to its output, that is that X u = anXi . We can 
then substitute for each of the input quantities as follows: 
Table 2.6 Simplified two sector economy 
Agriculture Industry Final Demand Total Output 
Agriculture aiiXi ai2X2 Yi Xi 
Industry a2iXi a22X2 Y2 X2 
Labour liXi I2X2 
Table 2.6 can be re-written as a set of simultaneous equations: 
aiiXi + ai2X2 + Yi = X i 
a2iXi + ^22X2 + Y2 = X2. 
Generalising to n sectors and re-writing in matrix form we suppose an 
economy of n productive sectors. Define y ds d vector of dimension n of deliveries 
fi-om n sectors to final demand. Define J as a vector, also of dimension n, of gross 
outputs f rom the n sectors. These two vectors are related by the (n x n) matrix of 
technological coefficients, A, such that 
A j + J = X 
Reorganising terms provides the well known result (after Leontieff); 
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X = (I-A)-V = Ly (4) 
where L = (I-A)'^ is known as the 'Leontieff Inverse'. The elements of the ith row of 
L give the total requirements from each sector arising both directly from final demand 
and indirectly through intermediate demands for a unit delivery to final demand of the 
/th commodity. 
This study focuses on overall energy efficiency, not on efficiency changes 
due to fuel switching, and so we can define a vector C of the volume of energy 
consumed (all primary fuels) per unit value of gross sector output. We can then 
derive from Equation 4 measures of the total energy intensities of final demand 
commodities. These intensities allocate the energy consumed across all sectors and 
thus account for indirect as well as direct energy consumption, as in the simple 
model noted above. 
Firstly, consider energy consumed in the production of goods. 
Define C as an nxl vector of coefficients of the intensity of use of energy in 
the n producing sectors. Total energy use E can be defined: 
E = Cx. 
Using Equation 4 above to substitute for x yields 
E = C'(I-A)"V (5) 
which is the total amount of energy used in the economy expressed in terms of final 
demand requirements and the technological coefficients. 
This can be separated into the component corresponding to the direct 
consumpdon of energy in production per unit of final demand, and the indirect 
component. 
The A matrix of production coefficients can be expanded to separate 
production coefficients for direct demand effects and indirect demand effects 
(Proops et al 1993). When final demand for output from sector 1 increases by 
46 units, for example, the direct demand for output from sector 1 increases by 
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46 units. To meet this increase, demand for the intermediate goods used as inputs 
by sector 1 must also increase. Hence, for example, sector I 's demand for output 
from sector 2 might increase by, say, 37 units. This is the first round indirect effect 
of the increase in final demand for sector 1. Clearly, in order for sector 2 output to 
increase to meet the higher level of demand, so sector 2's demand for intermediate 
inputs will also increase, leading to second round indirect effects and so on. 
The series expansion of the Leontieff Inverse matrix can be written 
(I-A)-' = I + A + A H A^ + ... 
and pre-multiplying by C we get 
C'(I-A)-' = C + C'A + C'A^ + C'A^ + .... (6) 
On the right hand side of Equation 6 we recognise the (transposed) vector 
C as the energy intensity per unit output, now corresponding to the direct energy 
intensity of production (ie direct energy intensity). The second element on the right 
hand side is the energy intensity corresponding to the first-round indirect effects, 
the third element corresponds to the second-round indirect effects and so on. The 
sum of the elements after the first correspond to the total indirect energy intensity, 
since post-multiplying by the final demands for each sector gives 
E = Cy + CAy + CA^y + CA'y + .... (7) 
which is the total amount of energy consumed in the economy. 
Input-output approaches are often used to analyse total energy 
consumption (rather than energy intensity), and have recendy been applied to 
analysis of greenhouse gas emission levels (Proops et al 1993; Common and Salma 
1992b; Yoshioka 1992). These approaches require incorporation of several other 
components of energy consumption and greenhouse gas emission in addition to 
those ah-eady noted above. Since this dissertation examines energy intensity rather 
than total consumption, these other components do not need to be incorporated 
here. 
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The input-output methodologies for energy intensities outlined above are 
applied to Japanese data in Chapter 5. 
Energy demand: micro-level process analysis 
The structural decomposition analytical approach and the input-output approach 
outUned above are useful in decomposing changes in energy intensity and locating the 
main industries accounting for change in aggregate energy intensity levels. In most 
economies for which data is available, the bulk of changes in aggregate energy 
intensity are sourced in the manufacturing sector. 
In assessing energy demand and energy efficiency changes within the 
industries in the manufacturing sector, micro-level process analysis provides a 
disaggregated framework. Econometric modelling gives an indication of the impact 
of technological change on energy demand, but does not help understand how 
these changes in demand were induced. Micro-level process analysis links 
engineering energy demand and efficiency with economic energy demand and 
efficiency (Capros and Samouhdis 1988). The method considers technological 
innovations individually, and maps the cumulative effect of these on sectoral energy 
demand as they spread through an industry. 
Energy demand changes within industry are rarely smooth, as they often 
seem for econometric time series models, but more often irregular, punctuated by 
development and dissemination of new technologies. Recognising the stage of 
dissemination of an energy-saving technological innovation — whether it is just 
beginning or just ending its run through plants, for example — gives a clearer 
picture of the scope for future energy demand changes (following the introduction 
of that technology) in the industry. 
It is helpful to take account of this dynamic process when determining 
whether energy efficiency savings are reversible or not as many non-process energy 
saving measures have been observed to be lost if energy prices fall or other 
incentives to conserve energy disappear (Schipper 1987). Understanding of micro-
level processes are essential when evaluating the cost-effectiveness of energy 
conservation programs (Hirst and Goeltz 1985). 
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Chapter 6 details micro-level process approaches in the key energy-
intensive industries identified in Chapter 4 as being the location of major energy 
efficiency gains after the 1973 oil crisis. 
This study applies the same process of decomposing energy intensity 
change into a technological change and a structural change component within 
industries where data is available. Analogous to the inter-industry and inter-
sectoral approach, the analysis assumes that some component of an industry's 
energy intensity change is due to technological process improvement, and that 
some is a consequence of shifts in the mix of inputs and outputs (substitution of 
direct for indirect energy consumption). 
Structural decomposition analysis and electricity consumption 
Chapter 7 takes the structural decomposition approach summarised above and applies 
it to analysis of increasing electricity consumption levels. 
In this approach, the increase in electricity consumption is separated into 
two components: 
i) the component attributable to the increase in the share of electricity in final 
energy consumption (the substitution component); and 
ii) the component attributable to the growth in total energy consumption. 
These two components can be derived using the same decomposition by 
differencing approach applied here in earlier chapters and described in Proops et al 
(1993). 
Defining electricity consumption, E, as 
E = SC 
where C is final energy consumption and S is the share of electricity in final energy 
consumption (ie S = E/C); then 
dE = dS.C + S.dC. 
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This can be approximated to: 
AE = AS.C + S.AC (8) 
As in the energy intensity decomposition approach described earUer, central 
differences are used in the approximation, leading to: 
AE = (St-So)(Co+Ct)/2 + (CrCo)(So+St)/2 (9) 
where 
So is the share of electricity in final energy consumption at the beginning of the 
period; 
St is the share at the end of the period; 
Co is fmal energy consumption at the beginning of the period; and 
Ct is final energy consumption at the end of the period. 
The first term on the right hand side corresponds to the substitution component, and 
the second term corresponds to the growth component. As there are only two 
variables there is no remainder term in the approximation. 
Equation 9 is apphed to Japanese data in Chapter 7. 
CONCLUSION 
Questions addressing the evolution of energy intensity patterns in Japan are both 
theoretical and empirical. They are theoretical in that the apparent decoupling of 
energy consumption from economic growth may be a case of the economy evolving 
through its energy-intensive phase, stabilising and then continuing to evolve into a 
post-industrial phase with a lower overall energy intensity. 
The questions are also empirical as the dechne in aggregate energy intensity 
in Japan between 1973 and 1991 reflects a wide range of underlying changes. This 
study seeks to explain the decline by decomposing the aggregate change into 
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disaggregated components. In this way the influences on aggregate energy intensity 
can be separated to quantify their relative importance and how they interact. This 
quantification helps assess the degree of permanence of the observed changes. 
The beginning of this chapter noted constraints in interpretation arising 
from oversimplification of complex meanings behind simple aggregate energy 
intensity ratios. To overcome these constraints and also to ascertain the factors 
driving energy demand in the Japanese economy, it is useful to tease out and 
disaggregate these aggregate statistical results. Using a mix of the tools oudined 
above a more complete explanation, quantifying the importance of multiple factors, 
can be derived. 
All countries have faced the changes in world oil prices since 1973, and all 
have been susceptible to cycles in the global economy. And yet Japan's pattem of 
response has been significantly different from comparable economies. The results 
obtained from application of the mix of tools introduced here helps assess what can 
be generahsed about the Japanese economic experience and what is unique to 
Japan. 
This chapter has discussed six main approaches to energy demand analysis, 
starting with energy demand modelling using both econometric process techniques 
and micro-level process techniques. The four other approaches analyse energy-
economy interactions modelled through changes in the aggregate energy 
coefficient; production functions incorporating energy as an input; structural 
decomposition analysis; and input-output techniques incorporating energy. 
Published results for Japan exist for four of these approaches: some 
econometric modelling and estimation of production functions, examination of the 
energy coefficient and some analysis of micro level process techniques. Results 
have also been published on structural decomposition of net energy consumption in 
Japan. 
This study contributes to the energy economics literature by: developing 
and applying a methodology for decomposing changes in aggregate energy 
intensity, rather than energy consumption, in Japan; by applying decomposition 
analysis to data on Japanese energy intensity; and by adding to the range of micro 
level analysis of industries. 
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In addition, input-output analysis of energy intensity is applied to Japanese 
data for the first time in this study. There are two strong reasons for undertaking 
input-output analysis on Japan: 
i) Firstly, input-output techniques are useful as they clarify the components of 
final demand, and it is final demand that can be influenced by macroeconomic 
fiscal and monetary policy instruments. 
ii) Secondly, the derived intensities in Equation 7 incorporate direct and indirect 
energy consumption, with the sum for each industry being the intensity 
encompassing both direct and indkect energy consumption. As the example 
suggested, the results of this type of analysis are quite different from those 
derived using only simple direct energy intensity. Application of input-output 
techniques changes the ranking of the energy-intensive industries, and yields a 
clearer picture of which industries are the most significant in explaining 
changes in aggregate energy intensity. 
The indirect energy intensities derived using input-output techniques are a 
useful addition to the direct energy intensities calculated from data on primary 
energy consumption and output. 
The data required to apply the analytical techniques introduced above are 
discussed in the following chapter. 
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3 Consistent Energy and Output Data for Japan 
INTRODUCTION 
This study aims to explain the decline in Japan's aggregate energy intensity between 
1973 and 1991, why it was larger than in other comparable industriahsed countries 
and what the scope is for similar gains in the near future. The analysis decomposes 
energy intensity change, locates the major sources of energy intensity change and 
quantifies their respective impacts on the dechne in aggregate energy intensity. 
There is an abundance of data on the Japanese economy released in Japan. 
This chapter outlines the steps necessary to draw from this pool a consistent set of 
data on output and energy consumption that allows application of the analytical 
methodologies introduced in Chapter 2. 
Chapter 1 introduced the five key components of energy demand for analysis. 
Taken together, these five components develop a coherent picture of energy demand 
structures in Japan and their relationship to Japan's economic structure and pattern of 
economic growth. The five components are: 
i) changes in energy intensity in the manufacturing sector; 
ii) evaluation of the role of inter-industry trading and indirect energy 
consumption in energy efficiency gains; 
iii) analysis of the processes of technological change in key energy-intensive 
manufacturing industries and the scope for further efficiency gains; 
iv) the impact of the emerging high energy demand growth areas — electricity 
consumption and private (residential) energy consumption; and 
v) the structure and impact of energy efficiency policies over this period and the 
new energy policy agenda. 
The previous chapter discussed a mix of six analytical approaches to energy 
demand analysis appropriate to identifying the role of each of these components. The 
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results of applying some of the approaches are available in the economics literature, 
and these were summarised in the previous chapter. This study applies three 
approaches to Japanese data: 
i) structural decomposition analysis; 
ii) input-output techniques incorporating energy; and 
iii) micro-level technological process techniques. 
This chapter develops a suitable data set for applying these approaches. Five 
broad data sets are necessary and these are discussed in turn below: energy 
consumption data; input-output data; industry output data; detailed data on specific 
industries; and trade data. 
To be useful for the analysis undertaken here, the data sets must satisfy certain 
criteria. Firstly, the data must be gathered in a reliable way, consistent over the span 
of the data set. Japanese energy consumption and output data are collected both 
through surveys of enterprises (which may be monthly or annual) and through the 
annual census reports on activities submitted by enterprises to the Ministry of 
International Trade and Industry (MITI). 
For the kind of analysis undertaken here, the data sets must also be suitably 
disaggregated, allowing the decompositions outlined in Chapter 1. The data sets 
should also cover a reasonably long period, allowing medium and longer-run 
adjustments to be observed and decomposed. 
With the extensive variety of data on the Japanese economy that are published 
in Japan, the following discussion focuses less on the total range of available data and 
more on determining which data are the most suitable. This discussion inevitably is 
somewhat technical, but is important as the choice of data is critical to the results 
obtained, and there is a need to be sure of the differences between many ostensibly 
similar-looking data sets. 
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ENERGY CONSUMPTION DATA 
Data on energy consumption by volume are the basis of the structural decomposition 
analysis and the input-output analysis in the following chapters. A number of potential 
sources of this data are available, and these are discussed below. Input-output data, of 
course, incorporates some energy consumption data as energy is an important input 
into economic processes. These data are in value terms rather than the volume terms 
necessary for the analytical tools used here, and a separate and consistent set of data 
on energy consumption, measured in volume terms, must be incorporated. 
There are many publications deahng with energy published in Japan. Many of 
these have considerable overlap in content but are packaged for different audiences. 
Few are published in EngUsh, with the most comprehensive being the bi-monthly 
journal Energy in Japan published by the Institute of Energy Economics, Japan 
(lEEJ). Also useful is Energy Conservation in Japan, pubUshed annually by the 
Energy Conservation Centre of Japan (ECCJ), and a short summary of government 
policy published from time to time by MITI's Agency of Natural Resources and 
Energy, titled Energy in Japan: Facts and Figures. 
Three publications in Japanese provide overviews of Japan's energy situation. 
Enerugii '93 [Energy '93] is the 1993 edition of a series published annually by MITI 
aimed at a general audience, with discussion covering a wide range of topics ranging 
from developments in global energy markets to domestic energy policy to hints for 
saving energy at home. MITI's Shigen Enerugii Nenkan [Resources and Energy 
Yearbook] (MITI 1992c) is a thorough, authoritative annual review of government 
energy and resources policies and industry practices; and Enerugii Binran [Energy 
Handbook] (MITI 1992b) is a statistical handbook published by MITI. These 
publications are useful sources of general information on energy and Japan, but are 
not the most reliable or comprehensive sources of statistical data. 
There are four energy-related statistical pubUcations under the auspices of 
MITI that are used in this study. A useful resource that combines energy data (both 
supply and demand) from these publications with economic data is Enerugii Keizai 
Tokei Yoran '94 [Energy Economics Statistical Handbook 1994] published by the 
Enerugii Keiryo Bunseki Senta [Energy Data and Modelling Centre (EDMC)]. The 
handbook is mosdy compiled from the four primary sources outlined below, with 
some specialist industry data and some additional original data. 
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Sogo Enerugii Tokei [General Energy Statistics] 
Sogo Enerugii Tokei [General Energy Statistics], is published annually and 
coordinated by MITI's Shigen Enerugii Cho [Agency of Natural Resources and 
Energy] in cooperation with the Enerugii Keizai Kenkyujo (lEEJ) and the Enerugii 
Keiryo Bunseki Senta (EDMC). Known in Japan as the 'Red Book' it provides an 
unrivalled collection of data on energy supply and demand in Japan from 1953 
onwards. 
The energy balance tables are the core of the volume, balancing supply (by 
fuel type, 41 energy sources both primary and secondary), and demand (by 43 main 
uses, mostly in the industrial sector), in fuel units as well as on a kilocalorie basis. 
Consumption data are aggregated, with industry divided into just nine components. 
The summary table (aggregating to just ten fuels) for 1991 is reproduced on the 
following page (Table 3.1). The tables capture energy flows in Japan in a systematic 
format, from primary energy supply, through energy conversion to fmal energy 
consumption. The publication is widely used in energy demand forecasting, in the 
energy industry and by Japanese energy researchers. 
Fuels are measured in different quantities: barrels of crude oil; tonnes of 
LNG; tonnes of coal and so on. To allow the use of different fuels to be compared 
and combined. Table 3.1 has converted all the fuel measures to their kilocalorie 
equivalents. A table of conversion factors is at Appendix A. A tonne of crude oil, for 
example, is equivalent to 9,250 kilocalories. 
Most of Table 3.1 is self-explanatory, but some discussion of the negative 
entries is useful. Figures for the primary fuels exported are negative as these fuels are 
not consumed in Japan. Similarly, inputs into the energy conversion sectors are shown 
as negative to distinguish them from the outputs (positives). Thus, the energy 
conversion sector consumed over 200,000 x 10^° kilocalories of crude oil, and yielded 
no crude oil as output. The converted crude appears in the next column as oil refinery 
product (mosdy gasoline). The net loss in conversion of 2,984 x 10'° kilocalories 
appears in the last column. 
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Table 3.1 Sogo Enerugii Tokei [General Energy Statistics] summary energy balance table for 1991 
units: 10 billion kilocalories 
Coal Coke Crude oil Oil 
products 
Natural 
gas and 
LNG 
Town 
gas 
Hydro-
electricity 
Nuclear 
electricity 
Geothermal New 
energies 
Electricity 
total 
Total 
Primary energy 
domestic energy production 5126 875 2177 22400 48029 506 6232 85345 
imports 78062 219876 57774 49908 405620 
primary energy supply 83188 220751 57774 52086 22400 48029 506 6232 490966 
exports/stockpiles 49 -1869 6492 -16164 -11492 
Primary energy supply for 83237 -1869 227243 41610 52085 22400 48029 506 6232 479473 
domestic use 
Energy conversion 
electric power companies -17812 -4573 -19062 -23656 -38871 -20960 -47777 -342 -136 66243 -106946 
in-house generation -3171 -2666 -9970 -37 -1440 -251 -57 -3399 9028 -11963 
heat supplyAown gas -17 -385 -3637 -12553 17038 290 -34 702 
coke production -47955 41629 -777 -7103 
oil refining -200595 197611 -2984 
oil chemicals -4644 4644 0 
in house consumption/loss -87 -3524 -24 -10005 -353 -459 -8118 -22570 
statistical adjustment 1082 -2040 -2910 5199 348 1122 2801 
Final energy consumption 15277 26572 8 201020 620 16579 107 4109 67118 331410 
total 
Industry sector 15241 25876 8 79982 534 4714 46 2735 33271 162407 
agric/forestry/fisheries 11680 46 265 11991 
mining 1 436 217 654 
constraction 5275 115 5390 
manufacturing 15241 25875 8 62591 534 4714 2735 32674 144372 
food products 2413 612 1855 4880 
textiles 20 2065 115 68 1009 3277 
paper/pulp 1128 2694 716 2592 2869 9999 
chemicals 1562 231 8 33394 480 665 26 5047 41413 
ceramics/cement 6130 453 3465 280 2003 12331 
iron/steel 5917 24292 3027 960 6937 41133 
non-ferrous metals 110 229 1941 235 49 1540 4104 
metal products 121 360 1995 1131 6120 9727 
other manufacturing 251 310 11597 53 5293 17504 
Households and services 36 696 36567 86 11864 61 1374 32093 82777 
households 8 66 17658 8163 1123 17033 44051 
services 28 630 18909 86 3701 61 251 15059 38725 
Transport sector 75999 1755 77754 
Non-energy uses 8472 8472 
Source: 1991 Summary table, Sogo Enerugii Tokei [General Energy Statistics], Shigen Enerugii Cho [Agency of Natural Resources and Energy] 
1993b, pp 360-361. 
77 
The electricity data are similar. To avoid double-counting (that is, adding the 
fuels consumed in electricity generation as well as final consumption of electricity) the 
primary fuels consumed in electricity generation are shown as negative, and the 
kilocalorie equivalent electricity' shown as positive. Primary fuels consumed in 
electricity generation total some 170,000x10'° kilocalories, and output (electricity) 
from the sector is equivalent to 66,243x10"^ kilocalories. This corresponds to a net 
conversion rate of 39 per cent. 
The General Energy Statistics volumes contain consistent data extending back 
to 1953. The data are sourced from a number of different surveys. Industry sector 
data come from two of the sources below. Non-industry sector data are drawn from 
other sources including household surveys and electricity industry data. Specification 
of the sources is important when splicing data from this book with data from other 
publications. For industry energy consumers and producers in particular, some of the 
statistics are sourced from industry statistics (like annual steel and electricity 
statistics) and some are from the specific surveys of energy users discussed in more 
detail below. 
Data from General Energy Statistics are used in analysis in several parts of 
this study, and the sources and limitations of this data are discussed below. 
Understanding the limitations of the General Energy Statistics data and the surveys 
they are sourced from is essential in ensuring consistent use of data and robust 
splicing of this data set with other more detailed data sets. The three publications 
discussed below are the main sources of the General Energy Statistics data. 
Sekiyuto Shohi Kozo Tokei [Statistical Survey of Structure of Consumption of 
Oil and other Fuels] 
Sekiyuto Shohi Kozo Tokei [Statistical Survey of Structure of Consumption of Oil and 
other Fuels] is pubhshed annually from annual surveys of main (industrial) energy 
consumers. It is often referred to simply as the 'Structural Survey'. It contains the 
most disaggregated readily available data on energy consumption by volume, covering 
26 industries and eight fuels. 
^ The conversion factor used in the tables (all of which are reproduced in Appendix A) is 2,250 
kilocalories per kWh. 
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The survey began in 1980 and covers enterprises with more than 30 
employees. This introduces some bias in the data towards fuels that are favoured by 
large users (like coke gas, naptha and crude oil) over fuels favoured by smaller users 
(kerosene and light oils, town gas). To address this bias, every two years a broader 
survey of enterprises with more than 20 employees is undertaken, targeting the food, 
drink, retail and wholesale industries^. 
Sekiyuto Shohi Dotai Tokei [Statistical Survey of Movements in Consumption of 
Oil and other Fuels] 
Sekiyuto Shohi Dotai Tokei [Statistical Survey of Movements in Consumption of Oil 
and other Fuels] is published monthly as well as annually. It is referred to as the 
'Movement Survey' and is based on monthly surveys of the energy requirements in the 
production of 12 commodities. It covers the fuels produced, consumed and recovered 
in production of these commodities. The survey was first published in 1979 and 
provides detailed data, particularly on electricity generated in-house [jika hatsuden], 
which are used in General Energy Statistics. 
Enerugii Seisan-Juyo Tokei [Energy Production and Demand Statistics] 
Enerugii Seisan-Juyo Tokei [Energy Production and Demand Statistics] is compiled 
from MITI statistics on fuel imports, oil demand and supply and refinery production. 
The statistics use transactions (sales) data for oil, steaming coal, gas, coke, and 
refinery products. 
The industrial sector parts of General Energy Statistics balance tables are compiled 
primarily from these three data sets, but also include data from sector and industry 
specific sources where more detailed data are necessary. These balance tables, in 
conjunction with details of some of the data sets that they are derived from, are the 
core of the energy data used in this study. Since the data used here are a mixture of 
the original disaggregated data and the combined data, it is important to clarify the 
relationships between these data sets to ensure they are consistent. 
^ This information on energy data sources is drawn from discussions at the Energy Data and 
Modelling Centre in April and May 1993, and unpublished papers from the same source. 
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RELATIONSHIPS BETWEEN CORE ENERGY DATA SETS 
The General Energy Statistics data are based extensively on MITI's survey of energy 
production and so have a price/activity sales base rather than industry-use base. As a 
consequence there is double counting of some energy that is both produced and 
consumed internally within industry, for products like naptha for example. 
Understanding the patchwork of source surveys is important when reconcihng the 
General Energy Statistics data with other comparable statistics, or when shifting from 
one set of data to another because of a structural break in recording or publishing 
data. 
Two sets of energy data are used in Chapter 4, for example. The more detailed 
Structural Survey data are used for the 1980-1991 period, with a separate series 
based on General Energy Statistics data for the longer 1973-1991 period. A summary 
of the period and publication dates of the four data sets introduced above is shown in 
Table 3.2. Structural Survey data are preferred for the disaggregated work due to the 
detail both in fuels supplied and the uses to which they are put, but unfortunately it is 
a relatively short series. It is not possible to disaggregate the General Energy 
Statistics data to create a series equivalent to the Structural Survey before 1980 (see 
discussion below) so two separate data sets are used in Chapter 4. The discussion 
below indicates the relationships between these two data streams and the precautions 
necessary when using both together. 
Table 3.2 Publication dates and periods of main energy data sets 
DATA SET DATA FORM AND 
PUBLICATION 
HNAL PUBLICATION AFTER 
COLLECTION YEAR 
General 
Energy Statistics 
Quarterly from April 1981 
Annual from 1953 
January the following year 
February two years after 
Energy Production and 
Demand Statistics 
Monthly, oil from 1952, 
coal from 1949 
Monthly data two months after; 
annual data in July following year 
Movement Survey Monthly from 1981 Monthly two months after; annual in August of following year 
Structural Survey Calendar years from 1980 March two years after 
Source: Unpublished Energy Data and Modelhng Centre research paper (in 
preparation), EDMC 1993b. 
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The discrepancies between the General Energy Statistics data and the Structural 
Survey data arise where General Energy Statistics uses statistics sourced elsewhere, 
or where General Energy Statistics uses a different system of classification. The main 
differences are highlighted below and have been drawn from unpublished work by, 
and discussions with, researchers at the Energy Data and Modelling Centre in 1993. 
i) The most important difference is in the subtraction of consumption of 
electricity generated in-house by industry \jika hatsuden] from the General 
Energy Statistics data (Energy Data and Modelling Centre, pers comm. 
May 1993) into a separate category. Boiler energy is often used to generate 
electricity along with heat or steam, and this is treated as a separate supply 
source in the General Energy Statistics tables, thus double-counting some of 
the energy input, as the boiler energy was created in the first place from 
consumption of primary energy. This primary energy consumption akeady 
appears separately in the balance tables under fuel type and industry. 
ii) The Structural Survey oil fuel data are overall 10-20 per cent greater than the 
General Energy Statistics oil data as the latter do not include hydrocarbon 
gases (classified separately as 'refinery gases'). 
iii) Crude oil consumption values in the General Energy Statistics data are lower 
than those in the Structural Surrey as they are taken from the traded data in 
the energy production statistics. Traded data represent fuel bought, not 
necessarily consumed (fuel could be sourced from stockpiles). General Energy 
Statistics data also include natural gas condensate under the 'energy 
conversion' sector rather than under the 'crude oil and derivatives sector', 
again lowering the crude oil consumption figure. 
iv) The General Energy Statistics data have a low rate of coverage of some 
products where the data are taken from surveys favourmg larger enterprises, 
such as the Movement Swrey. This apphes in particular to kerosene, Ught oils 
and town gas. 
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v) General Energy Statistics data for the non-oil sectors are 10-50 per cent lower 
than in the Structural Survey because the heat energy derived from coke 
production is included separately under the 'energy conversion' sector. In the 
Structural Survey, heat from coke production is listed as a non-oil energy 
source. 
vi) Similarly, the steaming coal data in General Energy Statistics are inflated as all 
coal that is consumed as fuel, includmg coke in the conversion sector, is 
classified as steaming coal. 
vii) Electricity consumption data in the Structural Survey (not General Energy 
Statistics which draws electricity consumption data from the Movement 
Survey) are taken from enterprises with more than 30 employees and so 
sUghtly underestimate total electricity consumption. 
viii) Energy consumption by industry varies between the General Energy Statistics 
data and the Structural Survey data since the consumption data for the former 
are drawn from a commodity base and for the latter are drawn from an 
enterprise base. The overall shares, however, are very similar. 
These differences make it unwise to splice data from these two important data 
sets. The differences are greatest in the manufacturing sector due to the different 
collection methods of the various surveys. While the General Energy Statistics tables 
are reliable and widely used, they provide little detail on the manufacturing sector, 
which accounts for around half of Japan's final energy consumption. The Structural 
Survey, on the other hand, provides disaggregated data on this sector down to 154 
industries. While there are differences between the two data sets, with a little 
inconvenient re-organising of data, it is possible to reconcile the two sets. 
The difference in years covered and the relatively short span of the Structural 
Survey data cannot be rectified. The analyses in Chapters 4 and 5 keep the two sets 
separate, running through the aggregated decomposition analysis for the longer period 
(1973 to 1991) using General Energy Statistics data and the disaggregated 
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decomposition analysis for the shorter period (1980-1991) using Structural Survey 
data. 
Non-manufacturing sector data in these chapters are drawn from General 
Energy Statistics data as these provide the most reliable and longest running source of 
aggregated non-manufacturing sector data. 
Supplementary energy data for detailed analysis in the other chapters, 
particularly that covering the non-manufacturing sectors, have been drawn from 
Enerugii Keizai Tokei Binran [Energy Economics Statistical Handbooks], complied 
by the Energy Data and Modelling Centre; Enerugii' 93 [Energy '93] published by 
MITI's Resources and Energy Bureau and printed through the Electricity Industries 
Association; Energy Conservation in Japan, published annually by the Energy 
Conservation Centre of Japan (ECCJ) and the ECCJ monthly journal Sho Enerugii 
[The Energy Conservation (sic)]; and unpubhshed data from the Energy Data and 
Modelling Centre and the Energy Conservation Centre made available to the author 
(EDMC 1993b). 
INPUT-OUTPUT DATA 
Japanese input-output data have been collected and published by MITI since 1951. 
The choice and classification of economic units in the data, which heavily favour the 
manufacturing sector, show these origins. The basic tables are highly disaggregated, 
separating 492 sectors in 1990 and 535 in the most disaggregated years, 1970-1980. 
There have been frequent reclassifications of the data, the latest in 1985 designed to 
bring the Japanese data closer to classifications used in other industrialised countries. 
There is interest within MITI in possible further changes in classification as part of a 
plan to develop a Pacific Basin input-output network which will allow inter-economy 
tables to be calculated on a consistent basis and allow regional input-output tables to 
be developed. 
From a pure input-output perspective, the greater the degree of disaggregation 
the better, as finer changes in structure and intra-industry trading patterns can be 
distinguished. The highest levels of disaggregation are too great for the exercises 
undertaken here, however, since the binding constraint on the level of disaggregation 
is imposed by the energy consumption data available from the data in General Energy 
Statistics and the Structural Survey. Energy analysis using input-output techniques 
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requires energy consumption data by volumes of energy consumed (preferably by 
fuel). These can be derived from the value data contained in input-output tables, as 
each table contains rows corresponding to the value of energy inputs into the various 
sectors. The process of converting these value data to volumes using price data is 
unreliable as users rarely face the same prices and detailed information on the prices 
users pay for their energy is often commercially sensitive and difficult to obtain. 
The core energy data from the Structural Survey are disaggregated into 
27 industries. Since this covers only manufacturing, mining and retail/wholesale, this 
level of aggregation is closely approximated by the input-output tables aggregated to 
46 sectors which cover 28 industrial sectors plus 18 non-industrial sectors. 
MITI has recently released a set of tables providing 46 sector reclassified and 
consistent input-output tables (both nominal and real) from 1960 to 1985, using the 
same classifications as in the 1990 data. This data set (MITI 1993b, 1992a) is the 
basis for the input-output data used in this study. Before this series was compiled, the 
most useful data for analysis over time were the Linked Input-Output Tables which 
cover sets of three years at five-yearly intervals (such as the 1975-80-85 linked tables, 
for example) and correlate data over a ten-year period. While considerably more 
aggregated than the Linked Tables, this 46 sector series of tables extends the 
consistent data series to provide a new and very useful 25 year sequence of tables 
which is readily updated. 
Using input-output tables for energy analysis requires matching the tables with 
energy data by combining some sectors and expanding others. To derive maximum 
usefulness from this data set in terms of energy analysis, the important energy sector 
'electricity, gas and heat supply' used in the 46 sector tables has been disaggregated in 
this study to cover 'electricity' and 'gas and heat supply' separately. The separate 
electricity and gas/heat supply data were drawn from tables at the next level of 
disaggregation — 80 sector tables for 1990 and 1985 and 85 sector tables for 1980. 
The sectors for which disaggregated energy consumption data are not 
available, and which are less important from an energy analytic point of view (mostly 
non-manufacturing sectors) have been aggregated. The final 28 sectors used in this 
thesis are shown below (Table 3.3). 
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Table 3.3 28-sector classification 
SECTOR 
NUMBER 
SECTOR 
1 Agriculture and forestry 
2 Fisheries 
3 Mining (metals and non-metals) 
4 Coal, oil and gas extraction 
5 Food and drink products 
6 Textiles and clothing 
7 Furnishings and wood products 
8 Pulp and paper 
9 Printing and publishing 
10 Chemicals 
11 Oil and refinery products 
12 Plastics 
13 Rubber products 
14 Porcelain, ceramics and cement 
15 Steel 
16 Non-ferrous metals 
17 Processed metal products 
18 General machinery 
19 Electrical machinery and appliances 
20 Transportation machinery and equipment 
21 Precision machinery 
22 Other manufactures (incl leather but not plastics) 
23 Building and construction 
24 Electricity 
25 Gas and heat 
26 Transport 
27 Business and services 
28 Not elsewhere included (NEI) 
29 Intermediate total 
Source: Aggregated from the 46 sector tables in MITI 1992a. Details of 
aggregation in Appendix B 
Most of the Japanese input-output data tables include the Leontieff inverse 
matrices described in Chapter 2 for the standard tables. Restructuring and 
reclassifying the tables in the way described above and in Appendix B, however, 
means that the standard inverse matrices cannot be used and the coefficients of 
production need to be re-calculated, and this is done in Chapter 5. 
The input-output data for Japan takes the form of commodity tables showing 
transactions between industries, governments and households. The tables used in this 
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study are those showing the values of transaction of these commodities at the 
shipment prices of producers ('producers prices'), so that transportation fees are 
included under the two sectors transportation and commerce. The Japanese tables are 
constructed on a competitive imports basis, allowing separation of imported inputs 
from similar commodities domestically produced. According to the explanatory notes 
from 1975-80-85 Linked Input-Output Tables, the term competitive is used in a book-
entry sense and does not equate with the strict economic meaning. 
Input-output commodity tables [butsuryohyo] derived from the value tables 
are also available, in disaggregated form. While these are not useful in this study 
because of the need for the restrictive assumption that all consumers of goods face the 
same set of prices, they have been used extensively in detailed modelling of Japan's 
CO2 emissions and the likely impacts on emissions of changes in levels and shares of 
output (Yoshioka 1992). 
INDUSTRY OUTPUT DATA 
The structural decomposition analysis introduced in Chapter 2 and carried out in the 
following chapter decomposes energy intensities in Japan. The energy data discussed 
in the section above need to be matched with output data for the relevant sectors of 
the economy. Decomposition of aggregate output data confirms that the bulk of the 
change in energy intensity is due to developments in the manufacturing sector, and 
disaggregated data on the outputs from this sector are essential in making best use of 
the disaggregated energy consumption data. 
For detailed work on the manufacturing sector, and to derive intensities of 
energy use and changes in this index over time, the Kogyo Tokei Hyo [Census of 
Manufactures] data are the most appropriate as these data most closely resemble the 
Structural Survey energy data in coverage. The Census has several volumes with 
different classifications, the most useful for this study is the 'Report by Industries'. 
The Census was first compiled in 1951 from data provided by enterprises under law. 
Enterprises with four or more employees are covered every year, with limited surveys 
of those employing three or less people compiled approximately every second year. 
The census data need to be deflated with a GDP deflator, a process used in other 
studies and Boyd et al (1987) give a number of examples. 
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The Census data are classified according to the Japanese Standard Industry 
Classification (JSIC) which has 33 two-digit classifications and around 575 four-digit 
classifications, the latter varying somewhat between years. The JSIC codes 
correspond to the classifications in the national accounts. The two digit classification 
is the same as that used in the Structural Survey, allowing tight matching of output 
and energy consumption data. This matching is essential in generating and 
decomposing reliable intensity data. 
Aggregate output data were drawn from Kokumin Keizai Keisan Nenpo 
[Annual Report on National Accounts], published by the Keizai Kikakucho 
[Economic Planning Agency]. 
SPECIFIC ENERGY AND OUTPUT DATA 
The process analysis methodology introduced in the previous chapter requires highly 
disaggregated technical data on specific industries. These data were drawn from a 
variety of sources, listed below. 
Aluminium 
Data on the aluminium industry, including energy consumption and non-energy inputs, 
were drawn from Keikinzoku Kogyo Tokei Nenkan [Light Metal Statistics in Japan], 
published annually by the Keikinzoku Kyokai [Japan Light Metal Association]. 
Iron and Steel 
Data on the iron steel industry were drawn from several sources. MITI's Tekkogyo 
Tokei Nenkan [Iron and Steel Industry Statistical Yearbook] contains data on 
production levels by steel type, and on energy consumption by fuel type for the main 
steel making processes. Tekko Junen Shi [10-year History of the Steel Industry], 
published in 1978 and 1988, details technological changes that have affected steel 
production. For later years the annual Tekko Kai [Steel Industry World] supplies the 
same information. Supplementary data were drawn from Sangyo Kenkyujo (1990) 
and Onozaki (1990). 
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Cement 
Data on the cement industry were drawn from Semento Kyokai Shiryo [Cement 
Industry Data], quoted in Onozaki (1989a). 
Pulp and paper 
Data on the pulp and paper industry were drawn from Pulp and Paper Statistics 
pubhshed in English by the Japan Paper Association and Kami Parupu [Paper and 
Pulp] pubhshed in Japanese by the same Association under its Japanese name, Nippon 
Seishi Rengokai. Supplementary data came from Kami, Parupu Sangyo no Enerugii 
Jijoo [Energy Circumstances of the Pulp and Paper Industry] (Nippon Seishi 
Rengokai) quoted in Onozaki (1989b). 
Residential 
Data on aggregate energy consumption by households are included in General Energy 
Statistics and Enerugii Keizai Tokei Yoran [Energy Economics Statistical Handbook] 
(1994 and 1993). More detailed data on type of energy consumed and purpose of 
consumption were taken from surveys published by Jukankyo Keikaku Kenkyujo 
[Jukankyo Research Institute], such as Murakoshi (1993). Koga and Wakasa (1990) 
provided data linking energy consumption levels to income. 
The Institute of Building Energy Conservation (IBEC) and the Building 
Centre of Japan provided data on residential energy demand levels and the energy 
conservation laws relating to housing. 
Electricity 
Similar to the residential energy consumption data, electricity data were drawn from 
both aggregated data in General Energy Statistics and Enerugii Keizai Tokei Yoran 
1993,1994, and disaggregated industry statistics. 
The Federation of Electric Power Companies (FEPCO) publishes annual 
reviews titled Electric Power Industry in Japan through its pubhc relations arm the 
Japan Electric Power Information Centre. Long-term projections on electricity 
demand were taken from Long-term Electric Power Facilities Development Plan 
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published in English in April 1992 by the Central Electric Power Council, and the 
Japanese language version of the 1993 plan. 
Denki Jigyo Binran [Electricity Industr)' Handbook], also published by 
FEPCO provides details on electricity prices and consumption levels by region. 
TRADE DATA 
Data on volumes and values of imports into Japan were taken from United Nations 
International Trade Statistical Yearbooks (various years). 
CONCLUSION 
The anal>iical techniques applied in this suidy require reliable and consistent data sets 
for both output and energy consumption. The disaggregated techniques applied in 
Chapters 6 and 7 require particularly detailed industr}'-specific data. 
Suitable data are drawn from a variety of Japanese sources. Energy 
consumption data are the overall constraint on the level of disaggregation of the 
structural decomposition and input-output analyses, as rehable, disaggregated energy 
data are only available back to 1980 through the Structural Sun'ey of Energy 
Consumption. Longer period decompositions can only be undertaken at a higher level 
of aggregation using the more general General Energy Statistics data. This data set 
cannot be disaggregated and spliced into the Smictural Sun'ey data as the compilation 
processes are different. Two parallel data sets are thus necessary in Chapter 4, one for 
the longer period and one for the shoner period. The results in terms of shares of the 
decomposition attributed to key sectors are consistent. 
Input-output analysis is also constrained by the lack of disaggregated 
manufacturing sector energy consumption data before 1980. Reliable energy data that 
are classified in a way consistent with the input-output data are available for the 1980-
1990 period. In Chapter 5 input-output techniques are applied to this data set with 
some restructuring of the data set to highlight the sectors most important from the 
point of view of energy analysis. 
The follo\\ing four chapters use the data described above to apply the 
analytical techniques introduced in Chapter 2. 
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4 Energy and Output: Structural Change and 
Energy Consumption 
INTRODUCTION 
The opening chapters of this study reviewed many of the factors which determine 
energy demand levels and energy intensity levels. The study aims to provide a better 
understanding of energy demand structures in Japan and their relationship to 
economic structure and economic growth, by disaggregating five key components of 
energy demand. The study aims to assess the importance of: energy efficiency 
developments in the manufacturing sector; the role of inter-industry trading and 
indirect energy consumption; analysis of the processes of technological change; the 
impact of the emerging high energy demand growth areas; and the structure and 
impact of energy efficiency pohcies. 
A number of techniques designed to address these questions were introduced 
in Chapter 2. This chapter uses direct energy input and gross industrial output data to 
explore the question of the importance of energy efficiency developments and 
structural changes in the manufacturing sector. The chapter uses the data sets 
developed in Chapter 3 to apply the structural decomposition analysis technique from 
Chapter 2. 
The specific aim of this chapter is to analyse and decompose the decline in 
aggregate energy intensity (in terms of total energy consumption per unit of GDP) in 
Japan between 1973 and 1991 to ascertain how much of the change is due to micro-
level technological change and how much is due to structural adjustments in the 
Japanese economy. The analysis seeks to identify the sub-periods between 1973 and 
1991 with the greatest declines in aggregate energy intensity, and also to identify the 
industry groups with the largest contributions to decline in aggregate energy intensity. 
Japanese research has analysed the factors behind changes in energy demand 
levels within the manufacturing sector by ascribing levels of demand to changes in 
economic structure, changes in overall output levels and changes in the technological 
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efficiency of production (see for example ECCJ 1992, EDMC 1993a). Published 
Japanese research has not analysed the factors behind the change in aggregate energy 
intensity. The methodologies derived in Chapter 2 are apphed in this study for the first 
time to Japanese data. Explaining change in aggregate energy intensity is particularly 
important given the renewed emphasis on continuing improvements in aggregate 
energy efficiency by the Japanese govemment in recent years. 
The decline in Japan's aggregate energy intensity between 1973 and 1991 was largely 
a product of developments in the manufacturing sector. The first part of this chapter 
sets out to quantify the importance to the overall decline in Japan's aggregate energy 
coefficient of changes in the manufacturing sector. 
The second part of this chapter disaggregates the manufacturing sector to 
quantify the importance to change in the sector's energy intensity of the main energy-
intensive industries within the sector. Chapter 6 takes the industries identified through 
this analysis as having made the greatest contributions to the reduction in the 
manufacturing sector's energy intensity, and considers the micro-level technological 
processes in these industries that have contributed to energy efficiency gains. 
Location of the sources of change in energy intensity is particularly useful in 
helping assess Japan's future energy intensity trends. The Japanese govemment has 
expressed a desire for Japan to maintain the high rates of energy efficiency 
improvement seen in the 1970s and 1980s through until early in the next century. In 
its Nijuisseiki Enerugii Bijon [Twenty-first Century Energy Vision], released in 1989, 
the Ministry of Intemational Trade and Industry (MITI) articulates an expectation that 
Japan's aggregate energy intensity will continue to fall over the next fifteen years at 
rates similar to those over the fifteen years following the first oil price shock in 1973. 
MITI hopes that this fall will be the catalyst for reducing the growth rate of overall 
energy consumption and reducing greenhouse gas emissions while maintaining 
economic growth rates of 3-4 per cent per annum. As early as 1992 these projections 
on rates of energy intensity decline were looking unreahstic (Matsuo 1992 p 16). 
Locating the sources of the efficiency improvements between 1973 and 1991 
will help assess the scope for similar rates of change in the fifteen years through to 
2010 and help develop realistic projections of the scale of future change. 
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STRUCTURAL DECOMPOSITION ANALYSIS 
Japan's energy consumption patterns have undergone extensive change since the first 
oil shock, and this chapter decomposes the adjustments that have taken place. Where 
underlying structural adjustment is the norm rather than the exception, the time series 
index approach is useful since it allows decomposition of causal factors and the 
apportioning of influence across these factors through periods of significant structural 
change. Some of the other analytical approaches referred to in Chapter 2 cannot be 
used to generate robust results using data from periods of significant structural 
change. 
Time series index approaches involve derivation of consistent indices 
combining energy efficiency and structural change information, preferably in an index 
which is additive both across industries and across time periods. Such indices allow 
ready identification of the key source of aggregate energy efficiency change. 
Structural decomposition analysis quantifies the shares of total change in energy 
efficiency due to changes in two components: technological efficiency and structural 
change. This approach is applied here to quantify the relative importance of these two 
components for economic sectors, industries and time periods. 
The technique of decomposing weighted energy intensities has not been 
applied to Japanese data before. Japanese research in this area tends to focus on the 
allocation and decomposition of domestic energy consumption rather than energy 
intensity. This emphasis reflects concems about security of energy supply and is 
shown in the research reported in publications from the Ministry of Intemational 
Trade and Industry (MITI) such as the Long Term Energy Outlooks, as well as in the 
research of the Institute for Energy Economics (Energy in Japan, and Enemgii 
Keizai) and the Energy Data and ModeUing Centre (Wagakuni no Keizai Enemgii 
Juyo ni Kansuru Keiryo Bunseki [Data Analysis of Energy Demand and the Japanese 
Economy]). 
As summarised in Chapter 1, research on the decomposition of energy demand 
in Japan is aimed at determining how much of final energy demand is due to three 
components: i) demand induced by production levels (including business cycle 
effects), ii) change in sectoral output shares and iii) the balance, the technological 
change component. The methodology developed in Chapter 2 and appUed here 
extends this process to decompose energy intensity changes at different levels of 
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aggregation, providing insight into the causes of gross intensity change and also 
providing results readily comparable with those for other economies. This chapter is 
structured around the interaction of two factors determining aggregate energy 
efficiency: technological efficiency and economic structure. Results of research on the 
impact on Japanese energy consumption of some other factors, notably energy prices, 
activity levels and prices of capital and labour, were summarised in Chapter 2. 
Definitions 
In applying the methodology developed in Chapter 2, this chapter uses a 
disaggregated approach to energy intensity which overcomes the hmitations noted 
earlier regarding the interpretations of the 'gross energy coefficient'. The structural 
decomposition approach is capable of explaining and distinguishing between the two 
main factors influencing energy efficiency in Japan, economic structural adjustment 
between industries and technological change within industries. Application of the 
approach suggests that technological change was the major driver and cause of the 
energy intensity improvement through the 1970s but its role has diminished 
significantly since the mid 1980s. Before recapping the methodology from Chapter 2, 
the meanings of the two components are clarified below. 
Technological Efficiency Change 
The term technological efficiency is typically used to mean the engineering efficiency 
of a production process. When applied over time, this narrow definition assumes that 
the inputs and outputs of the process are similar, so that any reduction in energy input 
per unit output is explainable in terms of improvements in the energy efficiency of the 
production process itself. The definition embodies the assumption that a firm's input 
mix is constrained but the production process itself is flexible. 
Clearly, however, tastes and intermediate demands change so that an industry 
may evolve not only in this narrow 'fixed production process' way, but may evolve by 
adjusting the nature of its inputs and outputs and thereby shifting its production 
possibility frontier. These adjustments may well have an effect on the industry's 
energy efficiency. Advances in the production process allowing the use of more highly 
processed inputs, for example will, ceteris paribus, result in less energy being 
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consumed in the production process itself. This broader definition of technical 
efficiency is more relevant in an economic framework. 
These broader and narrower definitions are consistent with the discussion in 
Chapter 1 that concluded that technological change may influence energy efficiency 
through a number of channels. Firstly, better energy housekeeping (reducing wastage) 
and process improvements may mean a reduction in the volume of energy required to 
produce the same outputs from the same inputs. Secondly, changes in the nature of 
inputs may, for example, allow more highly processed inputs from further up the 
production chain to be used. This effectively swaps direct energy consumption for 
indirect energy consumption by increasing the amount of energy embodied in inputs. 
Thirdly, technological change may involve a change towards outputs which embody 
less energy in manufacture. These distinctions are not important in decomposing 
aggregate changes, as all three types amount to a 'technological energy efficiency 
gain' and the source of the change is not critical. Some separation of these 
technological change factors is useful, however, in interpreting the effects on 
production of price shocks at the disaggregated level. This is the process analysis 
technique introduced in Chapter 2 and apphed in Chapter 6. 
Economic Structural Change 
Economic structure reflects underlying factor endowments and defines the relative 
weights of the energy-intensive industries. As discussed earlier, economies like 
Australia, Canada and the United States which have abundant natural stocks of energy 
raw materials tend also to have large energy-intensive industrial sectors. Despite the 
lack of extensive domestic fuel reserves other than coal, Japan developed a large 
energy-intensive manufacturing sector which boomed through the high growth period 
of the 1960s. This growth was despite the shift from domestically sourced solid fuels 
to liquid fuels, which were almost all imported. Japan entered the 1970s with the 
manufacturing sector contributing around 25 per cent of GDP, and the energy-
intensive industries comprising 36 per cent of the value of manufacturing output. 
Economic structural change impacts on aggregate energy efficiency where the 
energy intensities of the growing sectors and the dechning sectors are different. In 
Japan, for example, the slowing of growth in the energy-intensive manufacturing 
industries has contributed to change in net energy efficiency. Japan's economy, along 
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with the economies of most of its industrialised competitors, underwent dramatic 
adjustment in the years following the first oil shock in 1973, and this had a profound 
effect on energy efficiency at the inter-sectoral and economy-wide levels of 
aggregation. 
The effect on energy efficiency is most notable where the shares of total 
output of the energy-intensive manufacturing industries decline as the shares of the 
tertiary industries rise. This could be a consequence of absolute decline (in total 
output terms) of the energy-intensive manufacturing industries, but is more likely to 
be a relative decline compared to the growing output of the tertiary sector 
(Sagawa 1990; Kiji 1993). In Japan, it appears that the actual level (in real yen terms) 
of output from energy-intensive manufacturing industries has not declined, rather it 
continues to increase. The rate of growth of output from the energy-intensive 
manufacturing industries, however, has slowed so that it has become significantly 
lower than that of the tertiary sector and of the other manufacturing industries, 
meaning that the energy-intensive industries are losing GDP share. To the extent that 
the tertiary industries are less energy intensive, this shift in shares leads to a net gain in 
aggregate energy efficiency in the Japanese economy. 
The significant decline in Japan's aggregate energy intensity between 1973 and 
1991 was a product of changes in both the technological efficiency and structural 
change components. In decomposing the decline in overall energy intensity, this 
chapter separates and isolates the components due to the changes in technological 
efficiency and the changes in economic structure, and quantifies the shares due to 
particular sectors, industries and time periods. 
Structural decomposition analysis: methodology 
Chapter 2 developed a methodology for structural decomposition analysis of energy 
intensities using weights and a decomposition process similar to the Divisia Index 
approach of Boyd et al (1987) and of Reitler et al (1987). Using this methodology, 
agsreeate energy intensity can be expressed as the sum of weighted intensities for the 
various sectors. 
Defining e,t as the energy consumed by sector i over period t 
y,t as the output from sector i over period t 
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Et as total energy consumption over period t 
Yt as total output over period t 
then 
EyYt = ( i :e i t ) / (Eyit) 
= lA-t [S (e.t)] 
= Z [(e,./yu) (yi/Yt)]. (1) 
The weights, (yitA^t), are the sectoral shares of total output. 
This decomposition breaks up aggregate energy intensity into the weighted 
energy intensities of the various component sectors. Applying this weighting shows 
which sectors have the greatest share of overall energy intensity. An example of the 
decomposition of aggregate energy intensity is shown in Table 4.1, below. 
Table 4.1 Weighted intensity values 
Sector sectoral intensity sectoral output share weighted intensities 
1 ei/yi yi/Y ei/yi * y,/Y 
2 Q-Jyi yi/Y e2/y2 * yi/Y 
3 es/ys ys/Y e3/y3 * y3A^ 
Total Y EA' 
The economic sectors that are most important from an energy point of view 
can be identified from the weighted intensities. Within these the main component 
industry groups can be identified by substituting industry-level data on energy 
intensity and output share for the sectoral data. 
A second useful means of analysis can be developed by decomposing the 
changes in aggregate energy intensity into the changes in the two components noted 
above: structural change and technological change. 
Equation 1 can be rewritten as 
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E/Yt = X Wit s,t 
where Wit = eit/yit, the energy intensity of sector i in period t, and 
Sit = yit/Yt, sector i 's share of output in period t. 
With these definitions, Chapter 2 showed how change in aggregate energy 
intensity can be decomposed into change in two factors: 
A(EA^) = (E/YO - (Et-i/Yt-i) 
= L Aw, [s.t + s,t-i]/2 + Z As. [w,t + w,t-i]/2 (2) 
Here, the first term on the right hand side, Awj [Sit + Sit-i]/2, covers the impact 
on overall intensity change of technological changes in sector-level energy intensity 
(Awi). The second term, [Wit + Wit.i]/2 Asi, accounts for the impact on overall intensity 
change of structural changes in the mix of outputs (Asi). 
Applying this methodology allows determination of the technological and 
structural change components and hence the methodology can be used to quantify the 
contributions of these two components, at any time, to changes in aggregate energy 
intensity. One of the benefits of this approach is that it can be applied at any level of 
disaggregation. In this chapter it is applied first to the whole economy, and secondly 
to the manufacturing sector. An example of the decomposition is presented in Table 
4.2, below. For simpUcity, in the table the (wi, + Wit-i)/2 component is referred to as 
mean(w,t) and the (s,t + Sit-i)/2 component as mean(Sit). 
Table 4.2 Decomposition of changes in aggregate energy intensity 
Sector 1 Sector 2 
Period Tech change Struct change Tech change Struct change Total 
1 Awi mean(sii) mean(wn) Asi A W2 mean(s2i) mean(w2i) A S2 (Ei/Yi). • (Eo/Yo) 
2 Awi mean(Si2) mean(wi2) Asi A W2 mean(s22) mean(w22) A S2 (EtJ^I)- (Ei/Yi) 
3 Awi mean(Si3) mean(wi3) Asi A W2 mean(s23) mean(w23) A S2 -
Total (eu/yn) • • (eio/yio) (e23/y23) • - (e2o/y2o) (E3/Y3) • •(EoA-o) 
The decomposition passes the chain test of Boyd et al (1987) in both 
directions, since the sum of the changes in each sub-period is the total period change 
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for each sector. Similarly, the sum of changes in each sector over all periods is the 
total change for that sector. 
This chapter decomposes structural change and technical efficiency changes in 
Japan between 1973 and 1991, to identify the sub-periods and economic sectors 
accounting for most of the change in aggregate energy intensity. The analysis first 
considers aggregate intensity EA' and the main components of GDP: manufacturing, 
public and private services, primary production, construction, transport and 
communication and mining. The analysis here then appUes the same approach to the 
manufacturing sector itself. 
Within manufacturing, six key industry groups are identified which are 
considered in more detail. The effects of other industry groups on aggregate energy 
intensity have been very minor. 
Some of the literature (Proops 1988; Proops et al 1993; Kelly et al 1990) 
considers energy consumption in both intermediate as well as final demand deliveries. 
This method of allocating energy consumption across both demand sectors 
incorporates the sum of the indirect and direct energy consumption. The results of 
applying this technique to Japanese data are reported in the following chapter. 
Separating indirect and direct energy consumption shows which industries use 
a high proportion of energy-intensive inputs, rather than those which are simply 
energy intensive themselves. It also allows imputation of indirect energy imports from 
imported inputs and comparison of the relative sizes of direct and indirect energy 
imports. In Chapter 5 results obtained from the broad output and EA' procedures 
outlined above that are applied in this chapter are compared with results showing 
direct and indirect consumption separately. 
Structural decomposition analysis: data 
The economy-wide analysis uses output data from the Japanese National Accounts, 
published by the Economic Planning Agency. Aggregated energy consumption data is 
drawn from Sogo Enerugii Tokei [General Energy Statistics]. 
For the detailed work on the manufacturing sector. Chapter 3 discussed the 
limitations on the energy and output data and the consequent benefits of using two 
parallel data sets; 
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• a longer series from 1973 to 1991 using energy consumption data from General 
Energy Statistics and aggregate output data from the Kogyo Tokei Hyo [Census 
of Manufactures]; and 
• a shorter, disaggregated series for the manufacturing sector from 1980 to 1991 
using energy consumption data from the Enerugii Shohi Kozo Tokei [Structural 
Survey of Energy Consumption] and output data from the Census of 
Manufactures. 
Both these data sets are used here, to test that the results using the aggregated data 
set are consistent with those using the more disaggregated data. 
ENERGY AND OUTPUT: ECONOMY WIDE CHANGES 
The discussion in Chapter 1 demonstrated that the energy intensity of the Japanese 
economy has changed dramatically since the first oil shock and in 1991 required 
around two-thirds of the energy to produce each unit of GDP that was required in 
1973. The analysis below decomposes this aggregate shift into technological 
efficiency and structural change components. Using Economic Planning Agency data 
on GDP by kind of economic activity, large scale changes in the composition of GDP 
over this near 20 year period can be assessed. GDP data are preferable to GNP data 
here as GNP includes the income from investments in offshore operations by Japanese 
firms, but the energy consumed in those operations does not appear in Japan's 
domestic energy budget. Couphng this with total final energy consumption data 
allows calculation of indices of energy intensity weighted by production share. 
Economic structure (Gross Domestic Product) 
Figure 4.1 shows the trend of total real GDP (1985¥ trillion) to be generally 
increasing steadily with time except for the slight break between 1970 and 1975 in the 
wake of the first oil shock. This period was followed by rapid growth in the services 
and manufacturing sectors in particular, and to a lesser extent in the transport and 
communications sector. 
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Figure 4.1 GDP by 7 main sectors 
(1985¥ trillion) 
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Source: Report on National Accounts, Economic Planning Agency, 1991 
pp 538-547 and 1993, p 190-193. 
Japan's GDP has doubled since 1973, due mainly to growth in these two 
sectors (manufacturing and service industries) while the other sectors have only 
grown slowly. The value of output from the manufacturing sector alone has more than 
doubled in size in the same period, despite higher energy prices. 
The shares of GDP of the manufacturing and tertiary (service) sectors grew 
steadily between 1960 and 1991 while the shares of the lower value-added mining and 
other primary sectors fell. 
Together, the manufacturing and service sectors accounted for around three-
quarters of Japan's GDP in 1991. Over the thirty-one years in the figure the share of 
the manufacturing sector grew from 15 per cent of GDP to 28 per cent of GDP. The 
rate of growth, however, has slowed substantially since the end of the 1960s. The 
service industries have also grown, though not quite as quickly, and in 1991 
contributed 46 per cent of GDP. The primary production sectors are declining, with 
agriculture, forestry and fisheries shrinking from 15 per cent of GDP in 1960 to just 
4 per cent in 1991. The mining industry in particular is a very small part of the 
economy, and continues to decline. These structural changes have had a very 
significant impact on aggregate energy intensity, and this impact is quantified in the 
next section. 
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The statistics above reflect three periods in the recent history of the Japanese 
economy. Firstly, the high growth period of the 1960s when growth rates averaged 
over 10 per cent in real terms (some 18 per cent in nominal terms) on the back of 
rapid industrial growth, particularly in the energy-intensive industries (Kiji 1993). 
Secondly, the period immediately after the oil price shock of late 1973 which, 
combined with domestic pohcy responses to emerging trade friction and the move to a 
floating exchange rate, led to a period of rapid adjustment towards higher value-
added, less energy-intensive industries and lower growth rates of around 5 per cent in 
real terms (Uekusa 1988). Thirdly, through the mid to late 1980s there was a period 
of stable growth at rates around 4 per cent per year in real terms, lower world energy 
prices and a rapidly appreciating yen which has led to high yen-denominated trade 
surpluses as well as rapidly growing levels of imports (Kiji 1993). 
Energy intensity 
These ongoing adjustments in the Japanese economy have had a profound effect on its 
aggregate energy intensity. Chapter 2 noted that structural adjustment on this scale is 
one of the reasons why the aggregate 'energy coefficient', EA^, has limited usefulness. 
The aggregate coefficient blends the effects of structural change and technological 
change, two factors which need to be separated in order to understand the causes of 
change in aggregate energy intensity. 
The literature on the energy coefficient referred to in Chapter 2 cited this 
blending of two primary effects as the main reason that the energy coefficient alone is 
not a relevant or useful measure of energy efficiency for many purposes (see, for 
example, Ramain 1986). To assess changes in the aggregate coefficient, it is essential, 
Ramain argues, to separate the effect of output share and technological efficiency 
since these factors may not be working in the same direction. 
If a sector's share of output shrinks, for instance, it would normally be 
responsible for less energy consumption. Conversely, if a sector's share increases, it 
would normally be responsible for more energy consumption, though this can be 
offset by technological efficiency gains. The contribution to overall energy intensity of 
an economic sector is the product of both these factors. There have been some 
improvements in the energy intensity of Japan's mining sector, for example, but as this 
sector makes up just a small part of the overall economy these improvements have not 
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had much of an impact on overall energy consumption levels or, therefore, on 
aggregate energy intensity. 
Similarly, a large sector or industry may appear less energy efficient in 
producing goods if it develops to produce more highly processed commodities. 
Greater processing typically uses more energy, pushing up the sector or industry's 
energy intensity when the value of output does not rise as fast as the increase in 
energy consumption. If the share of output of the industry or sector declines 
substantially, on the other hand, there could still be a net effect to reduce overall 
energy intensity levels. 
The net effect of structural and technological changes can be illustrated by the 
steady increase in GDP share of both service and manufacturing sectors. The service 
sector is a relatively low-energy intensity sector: increases in its share of output tend 
to pull the aggregate energy coefficient down. Manufacturing is one of the most 
energy-intensive sectors and greater energy consumption would have been expected 
from the sector's increase in GDP share. This expected increase in energy 
consumption was more than offset by major technology-based efficiency gains within 
the sector. 
The weighting derived in Chapter 2 takes both these factors into account and 
provides weighted shares which allow decomposition of the shares of energy 
efficiency. The weighted components are additive across time periods and across 
industries so that the total changes can be broken down. Table 4.3, below shows the 
weighted components and shares of aggregate energy intensity in 1991 of the main 
sectors, and the sectoral energy intensities and output shares from which the weights 
are derived. The analysis below uses six key sectors rather than the seven used in 
Figure 4.1, which presented GDP data and showed the rise of the service sectors in 
particular. The figure shows data for public and private service provision separately, 
as both take substantial shares of GDP. In energy terms, however, both sectors are 
relatively small users of energy and so have been combined in the analysis below. The 
decomposition of aggregate energy intensity below thus considers six components: 
mining; construction; transport and communication; agriculture, forestry and fisheries; 
manufacturing; and services. 
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Table 4.3 Energy intensity components, 1991 
(10kcal/¥, shares) 
SECTOR e/y y/Y components share of EA" (%) 
Agriculture, 1.26 0.02 0.03 3.62 
forestry, fisheries 
Mining 0.59 <0.00 <0.00 0.20 
Construction 0.15 0.08 0.01 1.63 
Manufacmring 1.15 0.30 0.35 46.12 
Transport and 2.92 0.06 0.18 23.46 
communication 
All services 0.36 0.53 0.19 24.98 
Total 0.76 1.00 0.76 100.00 
Source: GDP data from Figure 4.1, energy consumption data from Heisei 4-
Nen Sogo Enerugii Tokei [General Energy Statistics 1992] pp 360-
361. Components derived using methodology described in Chapter 2. 
Table 4.3 shows how the two components, sectoral energy intensity and 
output share, interact to influence sectoral share of aggregate energy intensity. The 
mining sector, for example, has a high energy intensity of 5.9 kcal/¥ but takes only a 
small share of aggregate energy intensity because of its very small share of GDP. 
Services, on the other hand, have a large share of GDP (over 50 per cent) but only a 
low sectoral energy intensity, yielding a weighted component of 0.19, around one-
quarter of aggregate energy intensity. The manufacturing sector alone accounts for 
almost half of Japan's aggregate energy intensity as it has both a high sectoral energy 
intensity and a high share of GDP. 
Table 4.4 shows the weighted intensity values from 1960 to 1991 in the six 
sectors most important in energy-GDP terms. The manufacturing sector has the 
largest component of the six sectors here, but its weighted contribution to aggregate 
energy intensity has declined significantly since the fost oil shock. Since the GDP 
share of manufacturing has been increasing in this period (see above), the reduction in 
the sector's share of weighted energy intensity signifies a decrease in the sector's 
energy intensity. As discussed above, this aggregate statistic of the intensity of energy 
use in the sector reflects a conflation of two factors: a drift towards a less energy-
intensive product mix within the sector; and greater efficiency within industries in the 
sector. The relative significance of these components is evaluated in the next part of 
this chapter. 
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Table 4.4 Weighted components of E/Y 1960-1991 
(10kcal/¥) 
SECTOR 1960 1965 1970 1973 1975 1980 1985 1991 
Agriculture, 0.028 0.031 0.038 0.036 0.033 0.031 0.026 0.027 
forestry, fisheries 
Mining 0.004 0.006 0.005 0.003 0.003 0.002 0.002 0.002 
Construction 0.007 0.013 0.018 0.018 0.014 0.014 0.013 0.012 
Manufacturing 0.551 0.639 0.773 0.759 0.668 0.510 0.397 0.350 
Transport & 0.165 0.186 0.201 0.204 0.214 0.201 0.176 0.178 
corninunication 
All services 0.181 0.182 0.203 0.225 0.229 0.206 0.197 0.190 
Total 0.936 1.057 1.237 1.245 1.161 0.965 0.811 0.759 
Source: Derived from Economic Planning Agency GDP data in Figure 4.1 and 
General Energy Statistics 1992 annual energy consumption data. 
Apart from the manufacturing sector, the other sectors have maintained fairly 
constant weighted intensities (Figure 4.2). The figure shows, for example, that 
technological change in the mining industry, for example, has had little impact on 
overall energy intensity due to the sector's small share of GDP. 
Figure 4.2 Weighted components of E/Y 
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Source: Derived from Table 4.4. 
Table 4.4 and Figure 4.2 confirm the results presented in Chapter 1 that 
Japan's aggregate energy coefficient has declined some 37 per cent since 1973. The 
exact percentage decUne varies somewhat depending on the data sources used. The 
analysis here uses GDP data from the Japanese National Accounts as published by the 
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Economic Planning Agency combined with aggregated final energy consumption data 
from General Energy Statistics. Two clear breaks are visible in Figure 4.2, around the 
first oil shock in 1973 and around the time when world crude oil prices began falling 
in 1985. The figure also shows that while the share of aggregate energy intensity of 
the manufacturing sector is still large, it has been declining steadily since the oil shock, 
while the shares of the services sector and of the transport and communication sector 
have been increasing. Figure 4.3, below shows the changing shares in more detail. 
Figure 4.3 Weighted component shares of E/Y 
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Source: Percentages taken from Table 4.4. 
While the manufacturing sector still accounts for the bulk of Japan's aggregate 
energy intensity, Figure 4.3 shows the shift in the main components of aggregate 
energy intensity away from the manufacturing sector towards the services and 
transport and communications sectors. Analysis later in this chapter looks at the 
causes of the reduction in energy intensity within the manufacturing sector. 
Structural decomposition analysis 
One of the main objectives of this study is to decompose the 37 per cent decrease in 
Japan's aggregate intensity and to quantify the shares of this decrease attributable to 
the main GDP sectors and main industries. Figure 4.3 suggests that the bulk of this 
change is due to structural and technological changes relating to the manufacturing 
sector. The GDP tables showed the extent of underlying structural change in the 
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economy. The extent of this structural change restricts the means of analysis of the 
changes in aggregate energy intensity. To decompose the changes in aggregate energy 
intensity and quantify the shares of the main components during a period of significant 
structural change, the structural decomposition analysis technique introduced in 
Chapter 2 is the most appropriate. 
As the first step in applying this methodology, the shares of aggregate energy 
intensity change between 1973 and 1991 attributable to each of the six sectors are 
derived below. 
Since the weighted intensity data derived using Equation 1 and shown in 
Table 4.2 sums across industries, differences in sectoral weighted intensities sum to 
differences in the aggregate weighted intensity. Table 4.5, below, takes the aggregate 
intensities and the sectoral weighted intensities for 1973 and 1991 and shows the 
magnitudes of the changes in the weighted intensity for each sector, and the share of 
total intensity change to which these magnitudes correspond. 
Table 4.5 Sectoral shares of intensity decline, 1991 
(10kcaI/¥, share) 
Weighted component value difference share (%) 
SECTOR 1973 1991 1973-91 1973-91 
Agriculture, forestry 0.036 0.027 0.008 1.7 
& fisheries 
Mining 0.003 0.002 0.001 0.3 
Construction 0.018 0.012 0.005 1.1 
Manufacturing 0.759 0.350 0.409 84.2 
Transport & 0.204 0.178 0.026 5.3 
communication 
All services 0.225 0.19 0.036 7.4 
Total 1.245 0.759 0.486 100.00 
Source: Derived from Table 4.4. 
Some 84 per cent of the decline in aggregate energy intensity is due solely to 
the manufacturing sector. Furthermore, the technological efficiency of the sector has 
improved more than enough to compensate for the increase in the sector's share of 
GDP shown in Figure 4.1. The other sectors contributing to aggregate energy 
intensity dechne are services and transport and communications, though the shares of 
aggregate energy intensity decline of these two sectors are minor. 
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The structural break around 1985 suggested by Figure 4.2 can be examined in 
more detail by running the same breakdown in Table 4.5 for two sub-periods, 1973-
1985 and 1985-1991. Results are presented below. 
Table 4.6 Sectoral shares of intensity decline 
(10kcal/¥, share) 
Weighted component difference Shares (%) 
SECTOR 1973-1985 1985-1991 1973-1985 1985-1991 
Agriculture, forestry' 0.010 -0.002 2.31 -3.23 & fisheries 
Mining 0.001 0.000 0.32 0.08 
Construction 0.005 0.001 1.09 1.33 
Manufacmring 0.363 0.047 83.49 90.04 
Transport & 0.027 -0.002 6.31 -3.14 
communication 
A]1 services 0.028 0.008 6.48 14.91 
Total 0.434 0.052 100.00 100.00 
Source: Derived from Table 4.4. 
The data for the 1973-1985 period is similar to the whole 1973-1991 period. 
Table 4.6 shows that 90 per cent of the decline in aggregate energy intensity between 
1973 and 1991 took place between 1973 and 1985. In this first period, Table 4.6 and 
Figure 4.4 show that the manufacturing sector dominates and the transport and 
communications and services sectors also contribute to aggregate energy intensity 
decline. The decline in aggregate energy intensity between 1985 and 1991 was small, 
just 10 per cent of the total decline over the whole 1973-1991 period. 
Table 4.6 shows the emergence of some small negative differences in the 
1985-1991 period, for the transport and communication, and 
agriculture/forestr>'/fisheries sectors. Negative differences indicate that in these 
sectors technological and structural changes served to push up sectoral energy 
intensity. This can be seen graphically in Figure 4.4. 
The data show the significance of adjustments in the manufacturing sector in 
determining aggregate energy intensity. In fact, the sector accounts for around 
84 per cent of the aggregate energy intensity decline over the 1973-1991 period. The 
sector's share of GDP is declining, suggesting that it may become less of a 
determining factor in aggregate energy intensity in future years. 
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Figure 4.4 Shares of change in aggregate energy intensity 
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Source: Chart of data in Table 4.6. 
To examine these last points in more detail it is necessary to separate the 
structural and technological components of the sectoral intensity changes. 
Structural change and technological change components 
The reasons for the large share of manufacturing in driving change in aggregate 
intensity become clear when the structural change and sectoral energy intensity 
components are isolated (Table 4.7, below). 
The data are derived using the methodology outlined in Chapter 2 which was 
briefly reviewed above. The structural decomposition framework allows the difference 
in the product of the two factors to be expressed as the product of the differences, 
separating the effects of the two components. The data required is drawn from the 
same source as Table 4.4 and comprises the sectoral energy intensities and the 
sectoral shares of output. Taking the differences and the means as shown in Equation 
2 and Table 4.2 over the 1973-1991 period yields the table below. 
Table 4.7 shows that the most of the change in energy intensity between 1973 
and 1991 was due to intensity change in the manufacturing sector. 
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Table 4.7 Structural change and intensity components, 1973-91 
(10kcal/¥) 
SECTOR Structural Change Technological Change 
Agriculture, forestr\' -0.0271 0.0187 & fisheries 
Mining -0.0014 <0.0000 
Construction -0.0048 -0.0006 
Manufacturing 0.0965 -0.5057 
Transport & -0.0232 -0.0026 
communication 
All services 0.0088 -0.0447 
Total 0.0488 -0.5348 
Source: As for Table 4.4. 
This reduction in energy intensity more than offset the growth in the share of 
total output from the manufacturing sector, and lead to a strong net downward pull 
on aggregate energy intensity. The weighted intensity above combines the e/y 
technological change component and the yA" structural change component, and in 
Table 4.7 these two components are separated to allow assessment of their relative 
importance for each of the six sectors. Over this period the share of manufacturing 
grew slightly from 25.7 per cent of GDP to 28.8 per cent (Figure 4.1). This would 
normally have pulled energy intensity up, but as can be seen in Table 4.7 this growth 
in output share was more than offset by overall increase in energy efficiency per unit 
of output (by value) in the sector. This resulted in the intensity change component for 
the manufacturing sector contributing a fall of 5.06 kcal/¥ to the overall fall in 
aggregate energy intensity of 4.86 kcal/¥. 
Changes in the services sector also exerted a downward pull on aggregate 
energy intensit}' through decline energy intensity for the sector, though at much lower 
magnitude, and also shows a sUght upward push due to the increasing GDP share. 
Taking the 1985-91 period separately, the services sector shows a slight increase in 
energy intensit}', and this is looked at in more detail in Chapters 5 and 7. 
Table 4.7 also shows the increasing energy intensity in the agriculUiral sector, 
offset by the sector's declining GDP share. 
The manufacuiring sector is clearly the driving force behind aggregate energy 
intensity decline. Within the manufacturing sector, the changes in the 1973-91 period 
can be put into context and the relative sizes of the technological change and 
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structural change components can be compared by analysing the shares over the 
whole 1960-91 period. Figure 4.5 shows the dominance of energy intensity change 
(technological improvement in the efficiency of energy use within the sector) as the 
main driving force behind the reduction in the sector's energy intensity weighted 
components. 
Figure 4.5 Sources of change in manufacturing energy intensity components, 1960-91 
(10kcal/¥) 
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Source: As for Table 4.4. 
The bulk of the change in E/Y that can be ascribed to developments in the 
manufacturing sector is due to technological energy intensity change, especially in 
1975-85 period (Figure 4.5). On the other hand, structural change involving 
manufacturing taking a larger share of GDP has generally acted to increase the 
sector's share of aggregate energy intensity. The scale of the impact on energy 
intensity of the growth in the sector in the 1960s is shown on the left hand side of the 
figure. 
The sector's share of GDP continued to rise through the late 1970s and 1980s, 
but the energy intensity increase that this represents was much smaller than in the 
1960s and has been more than offset by technological changes reducing energy 
intensity since 1973. 
The amount of technical change in the last six year period through to 1991 has 
been smaller than any other since the 1960s, the height of the high growth period 
favouring manufacturing (and the energy-intensive industries in particular). The 
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magnitude of the technological efficiency gains has been falling steadily from the peak 
in the 1975-80 period. The micro industry-level causes of this and their relationship 
with energy prices will be discussed in Chapters 5 and 6, and the pohcy implications 
analysed in Chapter 8. 
Summary 
Analysis of the weighted energy intensity shows that in the first half of the 1973-1991 
period almost all of the reduction in Japan's aggregate energy efficiency was sourced 
in technological improvements in the efficiency of energy use in the manufacturing 
sector alone. The scale of these changes was such that they more than compensated 
for the increasing GDP share of the manufacturing sector. The magnitude of 
technological efficiency gains, however, has moderated in the mid-1980s. 
The transport and communications and services sectors have taken larger 
shares of aggregate energy intensity in the period since the mid 1980s and will be 
important determinants of aggregate energy intensity in the future if this trend 
continues. 
The manufacturing sector, however, has been the main sector determining 
aggregate energy intensity, and the second part of this chapter considers the structural 
and technological changes within the sector in more detail. 
ENERGY AND OUTPUT: CHANGES WITHIN THE MANUFACTURING 
SECTOR 
The energy-efficiency performance of the manufacturing sector has been crucial in the 
reduction of aggregate energy intensity in the Japanese economy as a whole. This part 
of Chapter 4 identifies which industries within the manufacturing sector have been the 
driving forces behind the change in energy intensity of the sector. As with the whole 
economy, intra-sectoral developments comprise both technological efficiency changes 
and structural adjustment within the sector favouring less energy-intensive industries. 
Since most of the aggregate energy intensity change in the Japanese economy 
for the last twenty years is attributable to changes in the manufacturing sector, it is 
important to ascertain which industry groups within that sector have driven that 
change. In determining these groups, it is also important to distinguish once again 
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from technological developments within industries and structural adjustments between 
industries in the manufacturing sector. 
The mode of analysis here is analogous to that above which was applied to 
data for the economy as a whole. For the manufacturing sector, first overall output 
levels of the main industry groups are considered, giving an indication of the changes 
in the relative sizes of industries within the sector. This is the intra-sectoral equivalent 
of the economy-wide structural adjustment discussed in the previous section. 
Combining this information with energy consumption data it is then possible to 
derive the weighted intensities of the main mdustries and quantify the shares of overall 
change in manufacturing sector energy intensity that can be attributed to each 
industry. This yields the key industries which are analysed in more detail in Chapter 6. 
Using the weighted intensity technique, the decrease in energy intensity of the 
manufacturing sector noted in the previous section can be decomposed. The key 
industries can be identified for particular time periods. The structural decomposition 
technique can be applied to data on the key industries to separate and assess the 
relative importance of structural change and technological change in contributing to 
changes in sectoral energy intensity levels. 
Manufacturing sector data 
As noted above, a reliable, disaggregated set of energy data for the manufacturing 
sector is not available before 1980 so two data sets are used in the following analysis. 
The two complementary data sets are: 
i) a basic nine-industry disaggregation using Kogyo Tokei Hyo [Census of 
Manufactures] output data and General Energy Statistics energy consumption 
data for 1970 to 1991; and 
ii) a more disaggregated 20 industry data set from 1980 using Sekiyudo Shohi 
Kozo Tokei [Statistical Survey of Strucmre of Consumption of Oil and other 
Fuels] data in conjunction with disaggregated output data from the Census of 
Manufactures. 
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Analysis at the end of this chapter confirms that the results obtained using the 
two data sets are quite consistent. The nine-industry data set does separate most of 
the energy-intensive industries of interest, leaving only a small residual, so most of the 
structural change and energy intensity results can be drawn from the more aggregated 
data set. The share of the residual (after the top eight industries are accounted for) 
using disaggregated data is small and the main changes are captured using the more 
aggregated data. This suggests that the absence of detailed energy data for the period 
1973-80 is not a serious difficulty. The main loss of clarity, from an energy point of 
view, is the amalgamation in the aggregated data set of the oil products sector into the 
chemicals sector. This effectively prevents separation of the oil refinery products 
industry from the chemicals industry. 
Nine-industry disaggregation 
The Census data are recorded in nominal values which, for the purposes of the 
analysis here, were deflated with production deflators from input-output tables. For 
this longer period, the data were then aggregated into nine key industries: food; 
textiles and clothing; pulp and paper; chemicals (including oil refinery products); 
ceramics and cement; iron and steel; non-ferrous metals; metal products (processed 
metals and machinery); and others (wood products, printing, transport equipment, 
electrical goods). 
Output and energy consumption 
The real levels of output from the nine key industry groups from 1973 to 1991 are 
shown in Figure 4.6 below. 
The chart shows the high rate of output growth in most of the energy-
intensive industries in the 1970s followed by fairly steady levels of real output in the 
1980s, except for the processed metals and 'others' industry groups which continued 
to grow fairly quickly through the 1980s. 
While the 'others' group grew through the 1980s, the chart of energy 
consumption (Figure 4.7, below) shows that this grouping is a relatively small energy 
consumer and its growth has not had a significant effect on energy intensity levels for 
the manufacturing sector. 
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Figure 4.6 Real output, 9 main manufacturing sector industry groups 
(1985¥ trillion) 
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Source: Kogyo Tokei Hyo [Census of Manufactures], 1993 and 1987, pp 304-
326, 1982 pp 304-324 and 1978 pp 410-430; deflated using output 
deflators from EDMC, Enerugii Keizai Tokei Yoran [Energy 
Economics Statistical Yearbook] 1993 p 5. 
Figure 4.7 shows the dominance of the six main energy-intensive industries 
(steel, processed metals, non-ferrous metals, ceramics and cement, chemicals 
(including oil refmery products) and pulp and paper) in energy consumption in the 
manufacturing sector. These six industry groups accounted for over 80 per cent of 
total manufacturing energy consumption in 1991. Technological changes and 
structural shifts relating to these industry groups were therefore the determining 
factors behind the energy intensity of the manufacturing sector as a whole. 
Energy intensity 
Between 1973 and 1991 the gross energy intensity of the manufacturing sector 
decUned from 1.07 to 0.54 kcal/b¥, a fall of 50.7 per cent (see Totals ' row in 
Table 4.8 below). The weighted intensity for each of the industry groups for the 
period 1973-91 is also shown in Table 4.8. The weighted intensities were derived in 
the same way as in the section above, using the product (e/y)*(yA'). 
114 
Figure 4.7 Energy consumption, 9 main manufacturing sector industry groups 
(trillion kilocalories) 
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Source: Heisei 4-Nen Sogo Enerugii Tokei [General Energy Statistics 1992] 
pp 318-361 and unpublished data from the Energy Data and Modelling 
Centre, 1993b. 
Weighting the energy intensities by the share of output indicates that share of 
manufacturing energy intensity attributable to each of these industry groups has 
declined, pulling down the gross intensity of the sector. 
Table 4.8 Weighted intensity components (e/y)*(y/Y) 
(10kcal/¥) 
GROUP 1973 1975 1980 1985 1991 
Food products 0.033 0.032 0.024 0.019 0.019 
Textiles 0.046 0.044 0.026 0.019 0.013 
Pulp & paper 0.069 0.059 0.045 0.036 0.038 
Chemicals 0.288 0.240 0.175 0.146 0.149 
Ceramics & cement 0.102 0.083 0.072 0.049 0.046 
Steel 0.380 0.338 0.240 0.178 0.161 
Non-ferrous metals 0.033 0.026 0.024 0.014 0.015 
Processed metals 0.035 0.026 0.025 0.033 0.036 
Others 0.086 0.091 0.082 0.070 0.068 
Total 1.072 0.938 0.712 0.564 0.545 
Source: As for Figure 4.6 and Figure 4.7, using methodology outlined in 
Chapter 2. 
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Again the six energy-intensive industry groups account for the bulk of sectoral 
energy intensity, and the share of this group has increased slightly in recent years. The 
data are shown graphically in Figure 4.8. 
Figure 4.8 shows the 50 per cent fall in total energy intensity for the 
manufacturing sector between 1973 and 1991, and the corresponding shrinking 
through the 1970s of the shares of the nine industry groups. As with the whole 
economy, discussed above, within the manufacturing sector as a whole there was 
much less change in gross energy intensity and its components between 1985 and 
1991 than in the 12 years between 1973 and 1985. Sectoral energy intensity declined 
47 per cent between 1973 and 1985, and a further 3 per cent between 1985 and 1991. 
Figure 4.8 Weighted energy intensities, 9 main manufacturing sector industry 
groups 
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Source: Plot of Table 4.8, above. 
While weighted intensities for all the industry groups have fallen since 1973, 
the biggest falls are in the steel and chemicals groups. Discussion later in this section 
examines how much of the change in these groups is due to structural adjustment 
(declining output share) and how much to technological efficiency gains within the 
industries. 
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Structural decomposition analysis 
The following table shows the change over the 1973-1991 period in weighted 
components for the industry groups and quantifies which groups had the greatest 
effect on overall sectoral intensity changes. 
Table 4.9 Weighted component differences and shares of change in manufacturing 
sector energy intensity 
(10kcal/¥, %) 
Weighted intensity differences % of total change 
INDUSTRY GROUP 1973-91 1973-85 1985-91 1973-91 1973-85 1985-91 
Food products 0.014 0.014 <0.000 2.6 2.7 1.9 
Textiles 0.032 0.027 0.005 6.1 5.3 28.1 
Pulp & paper 0.031 0.033 -0.002 5.9 6.5 -8.7 
Chemicals 0.139 0.142 -0.003 26.4 27.9 -18.1 
Ceramics/cement 0.057 0.053 0.004 10.8 10.4 19.8 
Steel 0.219 0.202 0.017 41.6 39.7 88.6 
Non-ferrous metals 0.018 0.019 -0.001 3.3 3.6 -5.4 
Processed metals -0.002 0.002 -0.004 -0.3 0.4 -19.9 
Others 0.018 0.016 0.002 3.4 3.1 12.8 
Total 0.527 0.508 0.019 100.00 100.00 100.00 
S ource: Differences taken from data in Table 4.8. 
The manufacturing sector shows a decline in gross energy intensity from 1.07 
to 5.45 kcal /¥ between 1973 and 1991. Within the sector, almost all (88 per cent) of 
this decline is due to five industry groups: steel (accounts for 42 per cent of the 
decline), chemicals (26 per cent), cement and ceramics (11 per cent), pulp and paper 
(6 per cent) and non-ferrous metals (3 per cent). These data are presented graphically 
in Figure 4.9, below. 
The above analysis identifies the industry groups most important in accounting 
for change in sectoral intensity. The next section decomposes these industry-level 
changes to quantify the shares of technological change and structural change. 
Structural change and technological change components 
In the main energy-intensive industry groups, the share of total manufacturing output 
fell for the 1973-1991 period. Industry energy intensities also fell in all groups until 
1985, combining with the falls in output share to yield the significant sectoral gross 
intensity decline. 
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Figure 4.9 Difference in weighted intensities of 9 industry groups 
(10kcal/¥) 
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Source: Plot of data from Table 4.9, above. 
In the late 1980s, however, these two factors were not operating in the same 
direction for all groups. Tables 4.10 and 4.11 show the different structure of the 
decline in overall energy intensity over the whole period and in the late 1980s. 
The methodology applied in the previous section to decompose the structural 
change and technological change components of decline in aggregate energy intensity 
can be applied to manufacturing sector data. Using the data presented in Table 4.8 
and the formulae derived in Chapter 2 and summarised above, the components for the 
1973-91 period are shown in Table 4.10. 
A number of important features are visible in Table 4.10 and Figure 4.10. 
Most obvious is the dominance of technological change in the chemicals and steel 
industries that was indicated in Figure 4.9. As the sources of most of the dramatic 
reduction in manufacturing sector intensity in the period 1973-91, technological 
change in these industry groups has been the major factor behind change in aggregate 
energy intensity. 
The steel and chemical industries' share of manufacturing output fell in this 
period, adding to these industries' contribution to the decline in sectoral energy 
intensity (Figure 4.6). Table 4.10 and Figure 4.10 above show the energy intensity 
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effects of these structural changes — very large for the iron and steel industry but 
smaller for the chemicals industry. 
Table 4.10 Components of change in weighted intensities, 1973-91 
(10kcal/¥) 
GROUP 
Structural Technological Total 
change change change 
Food products -0.000 -0.140 -0.014 
Textiles -0.022 -0.010 -0.032 
Pulp & paper -0.014 -0.018 -0.031 
Chemicals -0.014 -0.125 -0.139 
Ceramics & cement -0.022 -0.035 -0.057 
Iron and Steel -0.141 -0.073 -0.219 
Non-ferrous metals -0.015 -0.003 -0.018 
Processed metals 0.003 -0.002 0.001 
Others 0.024 -0.042 -0.018 
Total -0.201 -0.448 -0.527 
Source: As for Table 4.8, components derived using Equation 2. 
These data are shown graphically in Figure 4.10, below. 
Figure 4.10 Components of change in weighted intensities, 1973-91 
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Source: Plot of data in Table 4.10. 
The textiles industry and the energy-intensive ceramics and cement industry 
were the next most significant contributors to the reduction of manufacturing sector 
energy intensity (Table 4.10) but were well down on the first two industries, 
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accounting for less than a quarter of the contribution by the chemicals industry to 
sectoral energy intensity decline. In the textiles industry the main factor was the 
industry's declining share of output, while technological change within the ceramics 
and cement industry accounted for most of that industry's share of sectoral energy 
intensity decline. The small share of change in sectoral intensity attributable to the 
non-ferrous metals industry was due overwhelmingly to its dechning share of 
manufacturing output. 
Technological change in all industry groups reduced sectoral energy intensity. 
But in two industry groups, processed metals and 'others', increasing shares of 
manufacturing sector output led to small upward pressures on manufacturing sector 
energy intensity. For the 'others' group this was more than offset by dechning energy 
intensity within the group, while technological change within the processed metals 
group all but offset the impact of increased output share. 
The contributions of the five main industry groups to manufacturing sector 
energy intensity change are summarised in Table 4.11, below. 
Table 4.11 Shares of sectoral energy intensity decline 1973-1991 
Share of sectoral energy Proportion due to 
intensity decline 
SECTOR (%) structural change technological change 
Steel 41 64 36 
Chemicals 26 10 90 
Ceramics and cement 11 38 62 
Pulp and paper 6 45 55 
Non-ferrous metals 3 83 17 
Source: From Table 4.10. 
The interactions of technological and structural changed are reflected in the 
gross energy intensity of the manufacturing sector which dechned by over 50 per cent 
between 1973 and 1991 from 10.7 kcal/¥ to 5.45 kcalA^. Table 4.11 shows that of 
this decline, the steel industry accounts for 41 per cent (mostly due to the industry's 
falling share of sectoral output) and the chemicals industry another 26 per cent 
(almost wholly due to technological changes). The ceramics and cement industry 
accounted for another 11 per cent of the sector's fall in energy intensity (mostly due 
to technological changes), the pulp and paper industry accounted for a further 
6 per cent (a mix of both structural and technological changes) and the non-ferrous 
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metals industry accounted for another 3 per cent (almost wholly due to the industry's 
falling share of sectoral output). 
Table 4.9 showed that these falls in energy intensity were not spread evenly 
across the 1973-1991 period, but were highly concentrated in the 1973-1985 sub-
period. In fact, between 1985 and 1991 the weighted energy intensities of four 
industry groups rose. This points to shift in one or both of the components that 
reversed the trend of declining weighted intensities for all groups in the 1973-1985 
period. Data for the latter period showing the two components is presented in Table 
4.12. 
Table 4.12 Components of change in weighted intensities for 
manufacturing sector energy intensity, 1985-91 
(kcai/¥) 
Structural Technological Total 
GROUP change change change 
Food products -0.015 0.011 -0.004 
Textiles -0.025 -0.028 -0.053 
Pulp & paper -0.020 0.036 0.016 
Chemicals -0.372 0.406 0.034 
Ceramics & cement -0.035 -0.002 -0.038 
Iron and steel -0.371 0.202 -0.168 
Non-ferrous metals -0.008 0.011 0.010 
Processed metals 0.049 -0.012 0.038 
Others 0.070 -0.094 -0.024 
Total -0.726 0.538 -0.188 
Source: As for Table 4.10. 
Table 4.12 shows that in this period the only industries making significant 
contributions to reduction in manufacturing sector energy intensity were iron and steel 
and chemicals. For both industries, however, the structural change and technological 
change components were in opposite directions, with both industries showing 
increasing technological change contributions to change in sectoral energy intensity. 
In the chemicals industry the increase in this technological change component 
balanced the decrease in the structural change component to a net contribution of only 
0.034 kcalA^ to sectoral energy intensity change. In the iron and steel industry the 
increased technological change component was more than offset by the fall in the 
structural change component. 
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The data in Table 4.12 is shown graphically in Figure 4.11 and confirms that 
the major factor in moderating, and in some cases reversing, the trend of rapidly 
decHning weighted energy intensities in this period was the increase in technological 
energy intensities for five industry groups in the late 1980s. 
Figure 4.11 Components of change in weighted intensities, 1985-91 
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Source: As for Table 4.10. 
Comparison of Figures 4.10 and 4.11 shows the tumaround in energy intensity 
profiles since 1985. In the late 1980s, technological change in the main industries in 
fact raised energy intensity (with the chemicals industry adding up to 0.4 kcal/¥ to 
sectoral energy intensity). Structural adjustment continued to reduce the share of 
output from the steel and chemicals industries, each industry reducing sectoral energy 
intensity by over 0.3 kcal/¥. The joint effect of these two forces is the very small 
decline in manufacturing sectoral intensity observed over this period. 
Technological change in the chemicals and steel industries, and to a lesser 
extent in the pulp and paper, food products and non-ferrous metals industry groups, 
actually pushed up the industry groups' share of sectoral energy intensity. The energy 
intensity for the ceramics and cement industry group was virtually unchanged. All five 
industry groups also showed declines in their share of manufacturing sector output. 
The combination of these structural changes and technological changes 
determined the pattern of changes in the weighted intensities (the contribution to 
sectoral energy intensity). The ceramics and cement industry, with steady industry 
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level energy intensity and a declining share of output, shows a decline in its weighted 
share of sectoral energy intensity. The steel industry shows increasing technological 
energy intensity, which would normally pull up sectoral energy intensity, but this was 
more than offset by its decline in output share (from 7.2 per cent to 5.8 per cent), 
yielding a net decline in its share of weighted sectoral energy intensity. For the other 
three industry groups, the declines in output shares were not enough to offset the 
increases in energy intensity within the groups, and these three groups thus show 
increasing contributions to net sectoral energy intensity. 
As above, the technical efficiency components of the contributions of these to 
gross EA' change are large during the 1970s but become negligible through the mid 
to late 1980s (and negative for the two largest industry groups). Structural adjustment 
favoured the lighter industries across the whole 1973-1991 period and contributed to 
decreasing energy intensity. 
It is this change to increasing technological intensities in the key energy-
intensive industries that underlies some of the concerns about future energy 
consumption and intensity levels in Japan recently expressed in the energy economics 
literature (Kudo 1994; Ikuta 1991a, 1990; Fujime 1989). 
Summai-y 
The first part of this chapter showed that energy intensity changes in the 
manufacturing sector accounted for over 84 per cent of the decline in Japan's 
aggregate energy intensity (the decline in the energy coefficient). Disaggregation of 
the weighted energy intensities shows that, in tum, the energy intensity of the 
manufacturing sector is dominated by the steel and chemicals industries. The large 
shares of output and high individual energy intensities combine so that in 1991 these 
two industries alone accounted for some 57 per cent of the sector's energy intensity. 
The main findings of the above analysis of the changes in this sectoral energy 
intensity between 1973 and 1991 can be summarised by highlighting the five industry 
groups with the largest changes in the structural and technological change 
components of sectoral energy intensity and consequently the five industry groups 
with the largest overall contributions to change in manufacturing sector energy 
intensity. 
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Technological energy intensity declined over the whole period in all nine 
industry groups. Technological intensity declines in some industry groups were quite 
dramatic. The five industry groups with the largest technological energy intensity 
declines since the oil shock were: 
Chemicals 45 per cent reduction in energy consumption per unit of output 
Ceramics and cement 39 per cent 
Pulp and paper 29 per cent 
Iron and steel 22 per cent 
Non-ferrous metals 14 per cent. 
The 1973-1991 period saw major structural change in the Japanese economy 
with the heavy, energy-intensive, industries losing their shares of manufacturing sector 
output. The industry groups with greatest decline in share of output (highest degrees 
of structural adjustment) were: 
Iron and steel 4.3 percentage point decline in share of manufacturing output 
Non-ferrous metals 2.3 
Ceramics and cement 0.9 
Chemicals 0.8 
Pulp and paper 0.8. 
And hence, the industries with the greatest impact on manufacturing sector energy 
intensity (industry energy intensity weighted by production) are (as in Table 4.10): 
Iron and steel 41 per cent of manufacturing sector energy intensity decline 
Chemicals 26 
Ceramics and cement 11 
Pulp and paper 6 
Non-ferrous metals 3. 
The iron and steel and non-ferrous metals industries' contributions were largely due to 
structural changes (declining share of output). The chemicals and ceramics and 
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cement industries' contributions were largely due to technological changes. The 
contribution of the pulp and paper industry was an even mix of both technological 
changes and structural changes. 
There is a significant difference in the energy intensity profiles of these 
industry groups after 1985. Post 1985, while real world energy prices were falling, 
some technological change led to increasing energy intensities as more highly 
processed, energy-intensive outputs were produced. The declining shares of sectoral 
output of the steel and chemicals industry groups were the only real contributing 
factors to the small sectoral energy intensity decline over this latter period. 
Twenty-industry disaggregation 
The next section uses output data for 20 industries from the Census of Manufactures 
and energy consumption data from the Structural Survey of Energy Consumption to 
perform more disaggregated analysis for the period 1980-91. The objective is to 
evaluate the quality of the nine industry group results above by comparing with more 
disaggregated results. Since the nine industry group results separated the main 
energy-intensive industries and left a small residual, insignificant from an energy point 
of view, the gains from disaggregating data further to 20 industries are likely to be 
only marginal. 
The main gain from moving from nine to 20 industries for the 1980-91 period 
is in differentiating energy intensity changes over the period for a wider range of 
industries. Results on sources of the sectoral decline in energy intensity are largely 
unchanged using the more disaggregated data, since the six most energy-intensive 
(and largest by output share) industries cover over 90 per cent of the manufacturing 
sector's energy intensity. The importance, in energy and output terms, of the residual 
14 sectors is very low. The main gain is separating the 'oil and coal products industry' 
from the 'chemicals' group, a distinction not observable in the aggregated data above. 
The weighted intensity values for the 20 industries for 1991 are shown in Table 4.13. 
The differences in the energy consumption data discussed in Chapter 3 show 
in the higher weighted intensities derived from the Structural Survey data. This is 
expected as the Structural Swyey uses an activity base from company surveys of 
actual consumption, rather than the fuel sales base of the General Energy Statistics 
data. The magnitude of the industries derived from the Structural Survey data are also 
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slightly higher as they are reported in kilohtres of oil equivalent (kloe) rather than 
kilocalories (kcal). While the magnitudes of the weighted intensity numbers are not 
directly comparable between data sets, the changes in weighted intensities and shares 
of energy intensity are consistent. 
Table 4.13 Weighted intensities for 20 industries, 1991 
(kloe/¥) 
Industry Weighted 
intensities 
Iron and steel 0.357 
Chemicals 0.229 
Oil & coal products 0.127 
Ceramics & cement 0.056 
Pulp & paper 0.055 
Food & drink products 0.022 
Transport machinery 0.018 
Electrical appUances 0.016 
Non-ferrous metals 0.013 
Textiles 0.011 
Others (incl plastics) 0.008 
General machine tools 0.008 
Processed metal products 0.007 
Rubber products 0.003 
Printing & publishing 0.002 
Precision tools 0.001 
Wood products 0.001 
Clothing 0.001 
Furnishings 0.001 
Furs, leather 0.000 
Total 0.936 
Source: Output data from Kogyo Tokei Hyo [Census of Manufactures], energy 
consumption data from Sekiyudo Shohi Kozo ro^^/[Structural Survey 
of Energy Consumption], 
The top industries in this disaggregated data set are the same as those 
highlighted in the nine industry group analysis above. More detail, however, is found 
on the metal processing industries like machinery and electrical appUances. The food 
and drink industry also appears as contributing significantly to overall energy intensity 
in the manufacturing sector. Movement in aggregate manufacturing sector energy 
intensity and the shares attributable to the 20 industries are shown in Table 4.14. 
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The top nine industries account for over almost all the downward movement 
of aggregate sectoral energy intensity. It is worth noting that in a few industries 
(electrical appliances and transport machinery, for example) structural change and 
technological efficiency components combined to push energy intensity up, though 
only by small amounts. 
Table 4.14 Difference in weighted intensities for 20 industries, 1980-91 
Industry Structural Technological Share of total 
change change difference difference 
Oil & coal products -0.201 0.096 -0.105 46.7 
Steel -0.189 0.138 -0.051 22.7 
Ceramics & cement -0.019 -0.007 -0.026 11.7 
Chemicals -0.052 0.029 -0.024 10.4 
Non-ferrous metals -0.012 -0.004 -0.016 7.1 
Textiles -0.007 0.002 -0.005 2.2 
Pulp & paper -0.013 0.009 -0.004 1.9 
Food & drink products -0.001 -0.003 -0.004 1.7 
Wood products -0.001 0.000 -0.001 0.6 
Rubber products 0.000 -0.001 -0.001 0.3 
General machine tools 0.002 -0.003 -0.001 0.3 
Furnishings 0.000 0.000 0.000 0.1 
Clothing 0.000 0.000 0.000 0 
Furs, leather 0.000 0.000 0.000 0 
Precision tools 0.000 0.000 0.000 -0.1 
Printing & pubhshing 0.000 0.000 0.001 -0.2 
Processed metal 0.001 0.000 0.001 -0.5 
products 
Transport machinery 0.003 -0.002 0.001 -0.6 
Others (incl plastics) 0.002 0.000 0.002 -1 
Electrical appUances 0.006 0.002 0.008 -3.6 
Total -0.481 0.256 -0.225 99.7 
Source: As for Table 4.13. 
In the 1980s energy efficiency in the oil and coal products industry declined by 
over 58 per cent, but as its share of output also fell dramatically, by 5.6 percentage 
points, some 46 per cent of the total reduction in energy intensity for the 
manufacturing sector for this period is attributable to this industry alone. Similarly, in 
the steel industry, technological energy efficiency actuaUy worsened by some 
39 per cent but as its share of output fell by 3.4 percentage points it still had a big 
(23 per cent) share of overall decline in sectoral energy intensity. The next most 
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significant contributors to decline in manufacturing energy intensity are cement and 
ceramics (11.7 per cent), chemicals (10.5 per cent) and non-ferrous metals 
(7.1 per cent). 
At the other end of the spectrum, growth in output share was recorded by 
three of the faster growing industries (as opposed to the declining heavy industries). 
Production shares of electrical machinery, transport machinery and general machinery 
increased (by 7.8, 2.9 and 2.2 percentage points respectively) and these three 
industries were the three largest industries in the manufacturing sector in 1991 
(accounting together for over 36 per cent of total manufacturing output). Change in 
technological energy intensities in these three industries range from a 27 per cent 
decline in energy intensity for the general machinery industry, to a 12 per cent decUne 
in transport machinery to a 20 per cent increase in energy intensity in the electrical 
machinery industry. 
Results for a similarly disaggregated set of manufacturing industries are 
examined using input-output methodologies in the next chapter. The results in this 
section confirm that most of the changes in sectoral energy intensity over the 1980-91 
period are explained by changes in the nine sectors with the largest weighted intensity 
values, adding some robustness to the analysis in the previous section. 
CONCLUSIONS 
The analysis above decomposed the changes in aggregate energy intensity in Japan for 
the 1973-1991 period using the techniques introduced in Chapter 2. Analysis of 
energy intensity changes in the whole economy confirmed the importance of the 
manufacturing sector in determining the magnitude of aggregate efficiency change. 
Analysis of the manufacturing sector itself confirmed the importance of the main 
energy-intensive industries in determining the change in aggregate sectoral energy 
intensity. 
These results add extra information to the results available in the Japanese 
Hterature which focus on the factors underiying energy demand rather than energy 
intensity levels. 
Over 84 per cent of the decline in aggregate energy intensity through the 
1970s and early 1980s is attributable to changes in energy intensity in the 
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manufacturing sector. Most of the decline in aggregate energy intensity (almost 
90 per cent) took place between 1973 and 1985. 
The large share of change in aggregate energy intensity attributable to the 
manufacturing sector took place despite the increase in share of GDP by the sector, 
which would normally have brought increasing aggregate energy intensity. This 
increase in share of GDP was more than offset, however, by increases in the 
technological efficiency of the sector as a whole which meant the sector required less 
energy input per unit of output in 1991 than 1973. This overall improvement in 
technological efficiency is a consequence of industry-level technological change and 
inter-industry structural changes within the sector. 
Within the manufacturing sector, most of the changes in energy intensity in the 
period were due to technological gains in the way energy is used in production 
processes in the manufacturing sector, while structural changes in the Japanese 
economy favouring less energy-intensive industries had a lesser, but complementary 
effect. 
Steel and chemicals were the two most significant industries inducing change 
in sectoral energy intensity. Together these two industries accounted for two-thirds of 
the change in sectoral energy intensity between 1973 and 1991. The contribution to 
falling sectoral energy intensity from the steel industry was due mostly to the 
industry's declining share of sectoral output, though there was also significant 
technological change. For the chemicals industry the contribution to sectoral energy 
mtensity decline was due very largely to technological change in manufacturing 
processes. 
Within the manufacturing sector, both technological change and structural 
change worked in the same direction to push energy intensity down in the 1973-1985 
period. In the latter part of the 1980s, however, the slight decline in aggregate energy 
intensity was due wholly to continuing structural change, with industry level energy 
intensity actually worsening in most industries. 
This has imphcations for Japan's greenhouse gas emission abatement 
strategies. At present the foundation of Japan's greenhouse gas strategies is the 
expectation that the scale of technological and structural changes seen in the 1970s 
will continue for another fifteen years. The results here suggest that the scale of the 
energy intensity dechne, especially the share attributable to the manufacturing sector. 
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has already shrunk substantially. The rates of energy intensity decline in the key 
industries within the manufacturing sector have eased, and have been driven more by 
structural changes than technological developments since the mid 1980s. The 
implications of this are discussed in Chapter 8. 
The analysis in this chapter has considered the broader picture of changes in 
Japanese energy intensity. The following chapter uses an input-output framework to 
incorporate indirect energy consumption as well as the direct energy consumption 
considered above. 
Chapter 6 looks in detail at the mechanisms of change in energy intensity in 
four industries identified here as being important in energy intensity analysis: the iron 
and steel industry; the non-ferrous metals industry; the ceramics and cement industry; 
and the pulp and paper industry. 
Chapter 7 focuses on areas of high rates of growth in energy demand, 
electricity and residential electricity consumption in particular. This is particularly 
imponant given the shift in sources of energy demand growth away from the 
manufacturing sector towards the household and services sectors. Energy demand in 
these sectors is closely linked with incomes and economic growth (Ikuta 1991a; 
Fujime 1989; Sagawa 1991). While incomes continue to rise and push energy demand 
up in these sectors, innovative energy efficiency policies will need to be considered to 
induce the same scale of structural change and technological change seen in the 
manufacturing sector in the last twenty years (Shigen Enerugii Cho [Agency of 
Natural Resources and Energy] 1993a). 
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5 Energy Consumption and Economic Activity 
INTRODUCTION 
This study examines five components of energy demand that have underpinned the 
sizeable net reduction in Japan's aggregate energy intensity. One of the five 
components is the changing pattern of inter-industry trade and intermediate goods 
production in the Japanese economy. The analysis tests the hypothesis that changes in 
inter-industry trade and in the energy embodied in inputs to manufacturing industries 
have made a significant contribution to the fall in aggregate energy intensity. 
This chapter uses input-output data for Japan for the 1980-1990 period to 
distribute primary energy consumption in production across all demand sectors, 
including intermediate demand as well as final demand. Lack of disaggregated energy 
data prevents extension of the time period before 1980. The input-output 
methodology enables incorporation of the energy consumed indirectly, that is the 
energy embodied in inputs to industries, into energy intensity calculations. It enables 
quantification of the share of change in energy intensity attributable to changes in the 
energy intensities of the mix of inputs to industries. 
This approach adds important information to the results of the analysis in 
Chapter 4, which highlighted contributions to the change in aggregate energy intensity 
due to technological change within industries and structural change between sectors 
and industries. Chapter 4 concluded that technological change in five key energy-
intensive industries accounted for most of the decline in energy intensity in the whole 
economy between 1973 and the mid 1980s. The latter 1980s saw the emergence of 
structural change as the dominant force driving aggregate energy intensity reduction. 
The previous chapter derived energy intensities from gross direct primary 
energy consumption and real value of industrial production, and used these intensities 
to quantify the technological change and structural change components of change in 
aggregate energy intensity. That methodology considered only energy consumed 
directly in the manufacturing process. No account was taken of energy consumption 
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embodied in the inputs to manufacturing processes, for example in the energy 
embodied in the steel used as an input into machinery manufacture. 
This embodied energy is important in understanding energy efficiencies since 
energy-intensive manufacturing processes typically deliver a large proportion of 
output to other industries as inputs for processing. Input-output tables show, for 
example, that some 90 per cent of output from the steel industry is delivered not to 
fmal consumers but to other industries for further processing. While the industrial 
processes consuming these intermediate outputs may not use much energy in 
production dkectiy, they do use large volumes of energy indirectly by making use of 
the outputs from energy-intensive upstream processes like steelmaking. The input-
output methodology applied here takes account of these inter-industry trade pattems 
to distribute energy consumption across all demand sectors. Determining the nature 
and impact of these relationships on change in energy intensity is critical in isolating 
the factors contributing to the dechne in Japan's overall energy intensity. 
Isolation of changes in energy intensity due to adjustments in inter-industry 
trading patterns and the consequent changes in indirect energy consumption helps 
assess Japan's total energy intensity, and also helps estabhsh the impact on energy 
consumption of increasing imports of goods for intermediate demand. 
Consideration of indirect energy consumption is important as use of more 
highly processed inputs can effectively substitute for energy consumed in production. 
This can produce an apparent net energy efficiency gain, as the energy content of the 
inputs does not show up as an energy input in crude analysis of direct energy 
consumption only. Furthermore, when the semi-processed inputs are imported, rather 
than produced domestically, the energy consumption corresponding to that stage in 
the process will not appear as domestic energy consumption, even though the energy 
consumed in that process offshore can be deemed to be directly induced by domestic 
intermediate demand. By affecting the intensities of particular industries, in aggregate 
terms these kinds of production trends will pull down overall aggregate energy 
intensities. 
This chapter combines input-output data and analytical techniques with Japanese 
energy consumption data to quantify the industries with the highest levels of indirect 
energy consumption, and contrasts this group with the industries identified in 
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Chapter 4. The chapter decomposes the total energy intensities (direct energy 
intensities plus indirect energy intensities) derived here using input-output techniques 
to yield shares of change in energy intensity due to structural adjustment, changes in 
the input mix and change in the technologies of energy consumption. The 
decompositions are carried out for the 1980-1990 period, in the same way that the 
direct energy intensities were decomposed in Chapter 4. 
This chapter tests the hypothesis that some proportion of Japan's declining 
industrial energy intensity was due to manufacturing processes using more highly 
processed inputs. It also uses the intensities derived for these industries to estimate 
the amount of energy embodied in Japan's exports, and the amount embodied in 
Japan's imports. By using intensities derived from goods produced in Japan, the 
import figure imposes the same energy intensity as the Japanese production system on 
the technology that produced the imported goods. While this is a restrictive 
assumption, it does allow estimation of the volume of energy that would have been 
consumed in Japan to produce the imported goods, had they been produced 
domestically. 
Following a review of the input-output methodology and data requirements, 
this chapter begins by deriving direct energy intensities from input-output and energy 
consumption data. These direct energy intensities are equivalent to those derived in 
the previous chapter, but are derived here from output data from input-output tables 
rather than from the Census of Manufactures. Input-output techniques are then 
applied to determine the indirect energy intensities, and the industries with the highest 
direct, indirect and total intensities are ranked and compared with the results from 
Chapter 4. In the same way as in the previous chapter, changes over time in these 
energy intensities are decomposed to yield the structural change and technological 
change components. 
Input-output analysis enables an additional factor behind changes in energy 
intensity to be quantified. Decomposition of input-output data by differencing yields 
three distinct components: a component due to change in direct primary energy use; a 
component due to changes in GDP structure; and an additional component due to 
changes in the mix of non-energy inputs. Finally, the energy intensities are combined 
with import and export data to estimate the amount of energy embodied in Japan's 
imported and exported goods. 
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DATA ANALYSIS 
Data requirements 
The relationships between output and fuel consumption in the input-output 
framework were derived in Chapter 2 and are summarised below. 
With a vector x of output from an economy of n sectors, and a vector / o f 
primary fuel use by each of these sectors, it is possible to derive C, the vector of 
direct primary energy intensities of the n sectors: 
E = Cx (1) 
The central equation governing relations between the data captured by input-output 
tables is (from Chapter 2): 
X = a-Afy = Ly (2) 
where L is the Leontieff inverse matrix (I-A)'\ A is the matrix of technological 
coefficients of production. Combining equations 1 and 2 yields 
E = C(l-Afy (3) 
which is the total amount of energy used in the economy expressed in terms of final 
demand requirements and the technological coefficients. Intermediate demands are 
factored into the matrix of technological coefficients of production, A. 
The A matrix of production coefficients can be expanded to separate 
production coefficients for direct demand effects and indirect demand effects (Proops 
et al 1993). 
When final demand for output from sector 1 increases by 46 units, for 
example, demand for the intermediate goods used as inputs by sector 1 must also 
increase. Hence, for example, sector I 's demand for output from sector 2 might 
increase by, say, 37 units. This is the first round indirect effect on sector 2 of the 
increase in final demand for sector 1. Clearly, in order for sector 2 output to 
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increase to meet the higher level of demand, so sector 2's demand for intermediate 
inputs will also increase, leading to second round indirect effects, third round 
effects and so on. This can be separated into the component corresponding to the 
direct consumption of energy in production per unit of final demand, and the 
indirect component. 
To quantify these components , Chapter 2 noted that 
(I-A)-' = I + A + A^ + A U ... 
This study focuses on the changes in energy intensity, EA ,^ rather than changes in 
energy consumption, so Chapter 2 derived the relationship between total, direct and 
indirect energy intensities: 
C'(I-A)"' = C + (C'A + CA' + CA' + ) (4) 
Here C is the energy intensity per unit output, now corresponding to the 
direct effect of output on energy consumption (that it, direct energy intensity). The 
second element is the energy intensity corresponding to the first-round indirect 
effects, the third element corresponds to the second-round indirect effects and so on. 
The sum of the elements after the first (those in brackets) corresponds to the total 
indirect effect of output on energy consumption. The intensity C can be calculated 
from energy consumption and output data for each sector, and (I-A)'^ can be derived 
from input-output tables, so that the indirect energy intensities can be found from 
CA + CA ' + C A U =C\l-Af-C (5) 
In Equation 5, the terms on the left hand side sum to the total indirect energy 
intensity, expressed on the right hand side as the difference between the derived total 
intensities C'(I-A)"' and the calculated direct intensities C. 
Data collection and processing 
Chapter 3 outlined the main requirements for Japanese input-output data in order to 
perform the calculations summarised above. Input-output data at a variety of levels of 
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aggregation are available for Japan for most of the post-war period. Chapter 3 noted 
that the data constraint is not the input-output data, but the energy consumption data. 
Good aggregated energy data are available back to 1953, but the level of aggregation 
is too high for this data to be usefully paired with the highly disaggregated input-
output data. Energy consumption data for the five or six main energy-intensive 
industries are also available over a long period. Disaggregated energy data for a range 
of industries other than the energy-intensive ones, however, have only been collected 
and published since 1980. Chapter 3 described the methodologies behind the 
collection of this data. 
The energy data used in this chapter are based on the same raw data used in 
Chapter 4, but have been aggregated differently to align the industrial sector 
categories with those flowing from the industrial input-output data. 
Input-output data are available for most of the post-war period as both annual 
tables and five-yearly linked tables. The annual tables generally show data only in 
nominal terms and use different breakdowns of industry categories, making it difficult 
to link data from year to year. The most disaggregated data varies from 450 to 550 
industry categories, and unfortunately the aggregated data in the annual tables are also 
not published using consistent aggregated sector categories. Linked tables provide 
consistency in aggregation and deflate to a common base year, but only over a ten 
year period. The linked tables are derived for sets of three years, five years apart 
(1970-1975-1980 for example). Unfortunately, the sets of linked tables are not 
themselves linked and it is not possible to generate easily a consistent real series over 
a period longer than ten years. 
Both the linked tables and the annual tables include deflators, but these refer 
to different base years and also are only published for the row totals. This means that 
the totals can be accurately deflated, but that deflation of individual cells requires the 
assumption that all price movements within the row can be approximated by the price 
movement in the row total. This is not unreasonable, though more accurate data is 
derived by first deflating the cells in the basic tables and then aggregating. These 
difficulties with data have been alleviated somewhat by using quite highly aggregated 
(46 sector) real tables prepared by MITI on a consistent basis for the 1960-85 period. 
These tables are also consistent with the 1990 46 sector tables. 
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The key input-output data used here comes from this series of 46 sector real 
tables. Comparable 46 sector energy data are not available due to the emphasis in 
Japanese energy data on the manufacturing sector and the consequent lack of 
disaggregation of the business/services sector. This limitation led to these 46 sectors 
being re-aggregated to 27 sectors in the manner described in Appendix B. 
One further manipulation was made to the tables to separate two important 
energy-consuming sectors. The 46 sector tables aggregate electricity and gas/heat 
supply, but these sectors are important in the energy intensity context and need to be 
separated. Separate electricity and gas/heat supply input-output data from the 80-100 
sector tables for 1980, 1985 and 1990 was used to supplement the 46 sector tables. 
Energy consumption data for the two sectors is available. Sphtting these two 
effectively adds one sector to the 27 derived from the 46 sector tables, yielding a 
28 sector basic table for use here. Coefficients of production were re-calculated from 
the re-classified tables. 
In this chapter, the word sector is used as a generic term for the input-output 
industry groupings. Some of the sectors might more accurately be termed industries 
(steel, for example), while others are more like typical sectors of the economy 
(agriculture and fisheries, for example). The term manufacturing sector has its usual 
meaning — the collection of manufacturing industries. 
Data sources used 
The input-output data were drawn from Showa 35-60 Men Sangyo Renkan Hyo 
(46 Bumon Hyo) [1960-1985 Input-Output Tables (46 Sector)] prepared and 
published by MITI's Research and Statistical Bureau in March 1992. 1990 data were 
drawn from Sangyo Renkan Hyo 1990 [1990 Input-Output Tables] (MITI 1993b). 
Additional data on electricity and gas/heat supply were drawn from the 
80 sector real 1990 tables prepared by the Energy Data and ModeUing Centre 
(unpublished), and from the 1980 and 1985 100 sector tables in the full Sangyo 
Renkan Hyo. 
Energy consumption data were gathered from the annual Sekiyudo Shohi Kozo 
Tokei [Statistical Survey of Structure of Consumption of Oil and other Fuels] for the 
1980-1990 period and the annual Sogo Enerugii Tokei [General Energy Statistics]. 
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The matrix C and its transpose C were derived from output data from the 
input-output tables and direct primary energy consumption data. 
Input-output processes generate very large amounts of data and only the main 
summar}' data presented here. The adjusted input-output data set comprises 
28x28 intermediate sectors, plus columns for imports, exports, stocks and domestic 
final demand. Each of these sectors can be related to every other sector, for each of 
the years covered here, generating 2,268 data points which can in turn yield over 
5 million points of comparison. It is clearly not useful to try to compare over time 
movements in all these data points, and the results presented through this chapter 
highlight the most significant trends in the data and their implications. 
ENERGY INTENSITIES FOR 1990 
This section summarises input-output analysis of energy intensity data for Japan for 
1990, the most recent data which were available. The methodology derived in Chapter 
2 and summarised above is apphed to the adjusted data set. The methodology 
considers primary energy consumption, that is consumption of coal, oil and gas. 
Secondar}' energy consumption, mostly electricity and town gas, is accounted for as 
an input into the production processes in each of the 28 sectors. 
These primary energy consumption and output data are used below to 
calculate sectoral direct energy intensities. These results are equivalent to those 
derived in the previous chapter, but use different data — the energy consumption data 
are aggregated differently to conform with the input-output data, and the input-output 
data itself is gathered in a different way from the Census of Manufactures output data 
used in Chapter 4. The results cannot be substituted for those in the previous chapter, 
therefore, but comparison in Table 5.2 shows that they are complementary. 
Following derivation of the direct energy intensities, input-output analytical 
techniques are used to determine the indirect energy intensities. The industries with 
the highest direct, indirect and total intensities are ranked and compared with the 
results from Chapter 4. 
Direct energy intensities 
The basic data used in these calculations are presented in Table 5.1. 
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Table 5.1 Value of output and fuel consumption, 1990 
Intermediate Final Domestic Primary 
SECTOR demand demand production fuel use 
1985¥b 1985¥b 1985¥b mloe 
1 Agriculmre & forestry 13669 3680 14231 5875 
2 Fisheries 2683 930 2698 6678 
3 Mining 3602 -7 1782 160 
4 Coal, oil & gas extraction 14392 162 256 283 
5 Food & drink products 14909 29441 39929 4432 
6 Textiles 7113 9578 13690 2199 
7 Furnishings & wood products 7047 2359 7970 181 
8 Pulp & paper 10722 415 10601 13240 
9 Printing & publishing 10109 1089 11091 261 
10 Chemicals 27001 6163 30085 55850 
11 Oil & refinery products 18073 4545 18481 32874 
12 Plastics 10082 904 10792 960 
13 Rubber products 3047 1293 3959 555 
14 Porcelain, ceramics & cement 10089 1203 10719 12972 
15 Steel 27969 1767 28827 90538 
16 Non-ferrous metals 9772 1286 8003 2293 
17 Processed metal products 14395 1997 15788 1088 
18 General machinery 14543 20363 32935 980 
19 Electrical machinery & 29516 44246 69762 1507 
appliances 
20 Transportation machinery- & 26731 25672 50671 2496 
equipment 
21 Precision machinery 1460 4153 4811 119 
22 Other manufactures 2702 6756 6353 119 
23 Building & construction 7065 73005 80034 5829 
24 Electricity 13556 3439 17032 181569 
25 Gas & heat supply 1038 1265 2301 16787 
26 Transport 22021 16108 35013 78568 
27 Business & services 128112 202543 325833 19304 
28 NEI 9322 1619 9000 9484 
Total 460740 465974 862647 547201 
Source: Demand and production data from Showa 35-60 Nen Sangyo Renkan Hyo 
(46Bumon Hyo) [1960-1985 Input-Output Tables (46 Sector)] (MITI 1992a) 
m<lHeisei 2-Nen Sangyo Renkan Hyo [1990 Input-Output Tables] (MITI 
1993b). Additional data on electricity and gas/heat supply from 80 sector real 
1990 tables Energy Data and Modelling Centre (unpublished). Energy 
consumption data from Sekiyudo Shohi Kozo Tokei 1980-1990 [Statistical 
Surv ey of Strucmre of Consumption of Oil and other Fuels] and Heisei 4-Nen 
Sogo Enerugii Tokei 1992 [General Energy Statistics 1992]. Methods of 
collation and asareaation of the input-output data are shown in Appendix B. 
The first column of data is simply the value of total intermediate demand for 
each sector 's output as recorded in the input-output tables. The second data column is 
the value of total final demand. The third column of data is the value of domestic 
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production (output) as recorded in the input-output tables. The last column is the 
volume of energy consumed by each of the sectors in producing that level of output. 
Total output is split fairly evenly between output dehvered direct to final 
demand and intermediate output (delivered as inputs to other sectors). Sectors where 
final demand is low relative to intermediate demand, such as 1, 4, 8, 9, 10, 11, 12, 14, 
15, 16 and 17 (most of the energy-intensive industries), give an indication of 
production processes more geared to output of materials for use as inputs to other 
processes than to final consumption. Output from 'finishing' sectors which use these 
materials as inputs thus embodies significant amounts of indirect energy consumption 
through the energy that has gone into producing the input materials. The coal, oil and 
gas extraction sector represents the extractive industries, processing of these energy 
raw materials is recorded in the oil and refinery products and electricity sectors. 
Table 5.2 below compares the rankings and direct energy intensities for 1990 
for the 20 main manufacturing industries as derived in Chapter 4 with the results using 
the input-output approach. Since the primary fuel-use data relates to domestic 
production (third column of data in Table 5.1), this is the most appropriate 
denominator for calculating direct primary energy intensity for each of the 28 sectors 
using output data from input-output tables. 
Table 5.2 shows that the actual values calculated for direct energy intensity are 
different (due to the measurement processes in the two data sets). Nonetheless, under 
both approaches the energy-intensive industries stand out. The approximate orders of 
magnitude are also comparable: steel industry energy intensity is about three times 
that of the pulp and paper industry, for example. The rankings of the industries are 
also quite comparable: steel, chemicals, ceramic and cement, pulp and paper, for 
example, with only the oil and coal products industry appearing out of rank order. 
Accounting for direct (primary) production induced energy consumption 
separately from indirect (induced) energy consumption gives a better picture of where 
'responsibility' for energy consumption actually falls and allows testing of the 
hypothesis that inputs are becoming more energy intensive. 
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Table 5.2 Comparison of direct primary energy intensities, 1990 
(mloe/1985b¥) 
INDUSTRY industry output input-output 
data data 
Steel 6.29 3.14 
Oil & coal products 4.44 1.10 
Chemicals 2.84 1.85 
Porcelain, ceramics & 2.29 1.21 
cement 
Pulp & paper 2.10 1.24 
Textiles 0.58 0.16 
Non-ferrous metals 0.53 0.28 
Rubber products 0.31 0.14 
Food & drink 0.23 0.11 
products 
Others (incl plastics) 0.20 1.05 
Processed metal 0.17 0.06 
products 
Wood products 0.14 0.02 
Transport machinery 0.11 0.04 
Furs, leather 0.09 
Electrical appliances 0.08 0.02 
General machine tools 0.08 0.02 
Clothing 0.08 
Precision tools 0.07 0.02 
Furnishings 0.07 0.02 
Printing & pubhshing 0.06 0.02 
Source: Input-output data as for Table 5.1, industry output data from 
Chapter 4. 
Derived energy intensities 
Table 5.3 shows, in the first column, the direct intensity of production alongside the 
indirect intensities derived from the input-output coefficients of production.The third 
column shows the total production energy intensity, as derived using the input-output 
methodology above which allocates energy consumption across all 28 sectors. Four 
industries were identified in Chapter 4 as the main energy-intensive industries in direct 
energy consumption terms: iron and steel; chemicals; ceramics and cement; and pulp 
and paper. These industries appear in Table 5.3 among the industries with the highest 
total energy intensities. 
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The second column in Table 5.3 is the difference of the two other columns and 
represents the indirect production energy intensity: C'(A+A^+AV ...) in Equation 5. 
Note that as this is the difference between columns one and two, the figures represent 
the sum of all the indirect energy intensities, covering the first, second, third and so on 
rounds of inputs. 
Table 5.3 Energy intensities, 1990 
(mloe/¥100m) 
Direct Indirect Total 
SECTOR production production production 
intensity intensity intensity 
1 Agriculture & forestry 0.041 0.101 0.142 
2 Fisheries 0.247 0.106 0.353 
3 Mining 0.008 0.137 0.146 
4 Coal, oil & gas extraction 0.110 0.148 0.259 
5 Food & drink products 0.011 0.138 0.149 
6 Textiles 0.016 0.157 0.173 
7 Furnishings & wood products 0.002 0.159 0.161 
8 Pulp & paper 0.124 0.243 0.368 
9 Printing & pubhshing 0.002 0.143 0.145 
10 Chemicals 0.185 0.268 0.454 
11 Oil & refiner}' products 0.177 0.184 0.361 
12 Plastics 0.008 0.209 0.218 
13 Rubber products 0.014 0.177 0.191 
14 Porcelain, ceramics & cement 0.121 0.188 0.309 
15 Steel 0.314 0.511 0.825 
16 Non-ferrous metals 0.028 0.209 0.238 
17 Processed metal products 0.006 0.299 0.305 
18 General machiner}' 0.002 0.183 0.186 
19 Electrical machinery & 0.002 0.105 0.108 
apphances 
20 Transportation machiner}' & 0.004 0.173 0.178 
equipment 
21 Precision machinery 0.002 0.104 0.106 
22 Other manufactures 0.001 0.160 0.162 
23 Building & construction 0.007 0.163 0.170 
24 Electricity 1.066 0.099 1.165 
25 Gas & heat supply 0.729 0.137 0.867 
26 Transport 0.224 0.113 0.338 
27 Business & services 0.005 0.070 0.076 
28 NEI 0.105 0.122 0.227 
Source: As for Table 5.1, total intensities calculated using input-output 
techniques described above. 
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For almost all sectors, indirect intensity (the energy embodied in inputs) is 
greater than direct intensity (energy embodied in primary fuel inputs). This is to be 
expected since, for most sectors, primary fuels are not the main inputs. Energy 
conversion industries — like electricity generation, gas and heat supply and (to a 
lesser extent) oil refinery products are a different category, however, since primary 
energy is the main input. For these industries the direct intensities are therefore of 
similar magnitude or larger than the indirect intensities. 
The main energy-intensive industries identified earlier are those with high 
direct energy intensities. Table 5.3 shows that another group of industries appear to 
have high total intensities on the strength of the energy embodied in the material 
inputs, their indirect energy intensities. The top ten most energy-intensive industries 
(which account for some 40 per cent of primary energy consumption) can be split into 
those with high total energy intensities due to high direct, primary energy 
consumption (such as fisheries and cement) and those with high indirect energy 
consumption (including plastics, steel and processed metal products). The following 
sections comment on the pattem of energy intensities in the 28 sectors. 
Direct intensities 
Table 5.4 shows in rank order the fifteen industries and sectors with the highest direct 
energy intensities. 
In terms of direct energy consumption per unit of value of output, the 
electricity supply industry is by far the most energy intensive. Gas and heat supply is 
the next most energy intensive, some three-quarters that of the intensity of electricity. 
The energy-intensive manufacturing industries figure prominently, but have energy 
intensities around one tenth that of the electricity supply industry. The four 
manufacmring industries with the highest direct energy intensities are the same as 
those identified earUer in Chapter 4: iron and steel; chemicals; pulp and paper; and 
ceramics and cement. Non-manufacturing sectors which consume energy in their 
operations Uke fishing, transport and agriculture/forestry figure prominently. In these 
industries, primary energy consumption is mostly in the form of fuel for boats, trucks 
and farm equipment. 
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Table 5.4 Top 15 direct energy intensity industries and sectors 
Sector mloe/¥100m 
Electricity 1.066 
Gas & heat supply 0.729 
Steel 0.314 
Fisheries 0.247 
Transport 0.224 
Chemicals 0.185 
Oil & refinery products 0.177 
Pulp & paper 0.124 
Porcelain, ceramics & cement 0.121 
Coal, oil & gas extraction 0.110 
NEI 0.105 
Agriculture & forestry 0.041 
Non-ferrous metals 0.028 
Textiles 0.016 
Rubber products 0.014 
Source: Extract from Table 5.3. 
After the ten most energy-intensive sectors there is a major and rapid drop-off 
in the magnitude of energy intensities (Figure 5.1). 
Figure 5.1 Direct energy intensities (top 15) 
1.2 T 
note: litres of oil equivalent abbreviated to loe 
Source: From Table 5.4. 
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Textiles and rubber have intensities 1/100 that of the electricity supply sector, 
for instance. This rapid fall-off in the scale of energy intensities means that energy 
intensity improvements in the main energy-intensive industries are likely to have very 
significant effects on aggregate energy intensities. Percentage energy efficiency gains 
in other sectors would all contribute to net gains, but much less so. 
Indirect intensities 
The following table (Table 5.5) shows the 15 industries and sectors with the highest 
indirect energy intensities in rank order. 
Table 5.5 Top 15 indirect energy intensity sectors 
Sector mloe/¥100m 
Steel 0.511 
Processed metal products 0.299 
Chemicals 0.268 
Pulp & paper 0.243 
Non-ferrous metals 0.209 
Plastics 0.209 
Porcelain, ceramics & cement 0.188 
Oil & refinery products 0.184 
General machinery 0.183 
Rubber products 0.177 
Transportation machinery and 0.173 
equipment 
Building and construction 0.163 
Other manufactures 0.160 
Furnishings & wood products 0.159 
Textiles 0.157 
S ource: Extract from Table 5.3. 
The general order of magnitude of the derived indirect intensities is above the 
direct intensities, but these intensities are spread more evenly across sectors — there 
is not the same rapid drop-off as with the direct energy intensities results (Figure 5.2). 
This reflects the typically broad mix of material and other inputs which tends to 
average out indirect energy content and means that only a few sectors stand out as 
using large volumes of energy-intensive inputs. 
The energy intensities of the 15 industries and sectors with high indirect 
energy intensity are all larger than that of the industry with 8th highest direct intensity. 
This emphasises the magnitude of the indirect energy intensity measure and the 
145 
importance of incorporating it in energy intensity analysis. Without considering 
indirect intensities, key components of the net energy budget are missed. 
The steel industry has the highest indirect energy intensity due to a number of 
its main inputs being energy intensive in their own right. At this level of aggregation 
of input-output data, crude steel itself is the single biggest input (as measured in 
input-output tables) into the steel industry and as crude steel is an energy-intensive 
product this immediately adds to the energy intensity of the industry. The other main 
inputs (apart from fuels and other raw materials) are electricity and transport, both of 
which are also high direct energy consumers. 
The high indirect energy intensity of the processed metal products sector 
reflects the energy embodied in the semi-processed metal inputs to the sector. 
Primary-energy intensive inputs into the pulp and paper and chemicals industries 
include electricity, wood pulp, and chemicals. 
In only four sectors where inputs of primary energy are significant are direct 
energy intensities greater than their indirect counterparts. The sectors are transport, 
fisheries, gas/heat supply and electricity. In many sectors the gap is large; in the 
processed metals, plastics, steel and non-ferrous metals sectors, for example, energy 
embodied in the inputs far outweighs energy direcdy consumed in production. 
Figure 5.2 Indirect energy intensities (top 15) 
0 . 6 T 
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Source: From Table 5.5. 
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Total intensities 
Table 5.6 shows in rank order the 15 industries and sectors with the highest total 
energy intensities, and the direct and indirect components. 
Table 5.6 Top 15 total energy intensity sectors 
SECTOR Intensity (mloe/¥100m) 
direct indirect total 
Electricity 1.066 0.099 1.165 
Gas & heat supply 0.729 0.138 0.867 
Steel 0.314 0.511 0.825 
Chemicals 0.185 0.268 0.454 
Pulp & paper 0.124 0.243 0.368 
Oil & refinery products 0.177 0.184 0.361 
Fisheries 0.247 0.106 0.353 
Transport 0.224 0.114 0.338 
Porcelain, ceramics & cement 0.121 0.188 0.309 
Processed metal products 0.007 0.299 0.305 
Coal, oil & gas extraction 0.110 0.148 0.259 
Non-ferrous metals 0.028 0.209 0.238 
NEI 0.105 0.160 0.227 
Plastics 0.009 0.209 0.218 
Rubber products 0.014 0.177 0.191 
Source: Extract from Table 5.3. 
The total intensities in Table 5.6 are those derived through the input-output 
analysis outlined above and in Chapter 2. The intensities distribute the primary energy 
consumed in production across all sectors and between intermediate and final demand 
deliveries. The chart below shows the relative sizes of the direct and indirect 
components in the total more clearly, for the 15 most energy-intensive sectors. 
Overall, the two main primary-energy intensive sectors are electricity 
generation and gas/heat supply. Following these two are the main energy-intensive 
manufacturing industries as well as the fisheries and transport industries which are 
major consumers of primary energy. 
This set of 15 industries and sectors combine indirect and direct energy 
consumption and yield an order significantly different from Tables 5.4 and 5.5. 
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Figure 5.3 Total energy intensities (top 15) 
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Source: From Table 5.6. 
For 24 of the 28 sectors the indirect energy intensity exceeds the direct, 
emphasising the high energy content of the non-energy inputs. The sectors with 
indirect energy intensities well above direct energy intensities are those using a large 
proportion of semi-processed material inputs: processed metals (with energy-
intensive steel and non-ferrous metals the major inputs), plastics (refmed oil, 
chemicals and metal products the major inputs), steel (crude steel, refined fuels and 
non-ferrous metals the major inputs) and non-ferrous metals (chemicals and non-
ferrous metals the main inputs). 
Consideration of direct, indirect and total energy intensities for 1990 shows 
the importance of indirect energy intensity in total energy intensity. In most industries 
the value of indirect energy intensity is larger than direct energy intensity. Changes in 
indirect energy intensity through changes in inputs (and in the energy required to 
produce the inputs) thus translate into large changes in total energy intensity. 
Looking at direct energy intensities alone puts special emphasis on two 
industries: electricity generation and gas/heat supply as well as the main energy-
intensive industries. Once indirect energy consumption is included, however 
(Figure 5.3), a more balanced picture emerges of the spread of energy consumption 
across the economy. The main energy-intensive industries remain clearly identifiable. 
The top 15 industries are different from those identified in Chapter 4, suggesting that 
a policy focus on direct energy-intensive industries misses some important industries 
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that induce considerable energy consumption in the production of inputs. On the other 
hand, to the extent that the outputs of the energy-intensive industries are typically fed 
through as inputs to the industries with high indirect energy intensities, any gains 
made in those energy-intensive industries will feed through the whole energy 
economy. 
The next section considers how the indirect and direct energy intensities 
changed between 1980 and 1990. 
COMPARISON OVER TIME 
The energy intensities derived from input-output analysis can be compared over time 
to find the industries showing greatest changes in total, direct and indirect energy 
intensity between 1980 and 1990. Analysis of indirect and direct energy intensities 
over time shows that the effect of a technological improvement in energy efficiency in 
one of the main energy-intensive industries diffuses through the economy as its 
outputs are fed into other industries. As one industry adopts an energy saving 
technology, this decreased energy content is fed through all industries using that 
industry's output as an input and this feeds through again in the next round and the 
next again. A technological change in the iron and steel industry for example, has an 
effect on the indirect energy intensities of all the sectors using steel as an input, 
including the steel industry itself. Analysis of changes in indirect energy consumption 
shows how an improvement in technological energy efficiency in one of these key 
industries impacts on aggregate energy intensity. 
Between 1980 and 1990 all 28 sectors showed either little change in total 
energy intensity or showed declines, consistent with results, for direct intensities only, 
that were derived in Chapter 4. None showed a large rise in total energy intensity, 
with only three sectors (fisheries, furniture manufacture and steel) showing any 
increase at all in total energy intensity. The following table shows the six sectors with 
the greatest and smallest changes in energy intensity between 1980 and 1990. 
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Table 5.7 Relative total energy intensities: 1990 and 1980® 
Relative Relative Relative 
total energy direct indirect 
intensity energy energy 
intensity intensity 
TOP 6 SECTORS 
Fisheries 1.147 1.35 0.85 
Furnishings & wood 1.026 0.43 1.05 
products 
Steel 1.010 1.13 0.95 
Processed metal products 0.986 0.87 0.99 
Food & drink products 0.983 0.82 1.00 
Electricity 0.981 1.04 0.60 
BOTTOM 6 SECTORS 
Plastics 0.682 1.37 0.48 
Oil & refinery products 0.682 0.59 0.69 
NEI 0.681 0.67 0.70 
Non-ferrous metals 0.642 0.52 0.66 
Precision machinery 0.629 0.67 0.63 
Electrical machinery and 0.520 0.54 0.52 
appliances 
a Relative energy intensity = 1990 energy intensity/1980 energy intensity. 
Source: As for Table 5.3. 
Table 5.7 shows the ratio of energy intensities derived for 1980 and 1990. The 
table shows the differences that emerge when total energy intensity changes are 
compared with direct energy intensity changes. It shows the value of incorporating the 
indirect energy intensity change in assessing where and how total energy intensities 
have changed. In the plastics industry, for example, considering direct energy intensity 
alone indicates a 37 per cent increase in energy intensity for the industry. Since a 
large proportion of the total energy consumption by the industry is in the form of 
indirect energy embodied in inputs, however, and the indirect energy intensity fell by 
over 50 per cent in the same period, the net effect is actually a fall in total energy 
intensity of over 30 per cent. 
This type of disaggregation is very helpful in analysing how changing 
technological efficiency of energy use in Japanese industries, especially in the main 
energy-intensive industries, affects aggregate energy consumption and energy 
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intensity. It helps identify substitutions within industries between energy consumed 
directly in production and energy consumed indirectly, embodied in inputs. The 
plastics industry example shows the effect of a major improvement in the energy 
embodied in inputs, while direct energy intensity actually increased. The food and 
drink products sector shows the effect of a smaller change in the opposite direction — 
energy embodied in inputs was unchanged while direct energy consumption fell. The 
decline of some 18 per cent in direct energy intensity suggests some increase in energy 
efficiency of food and drink production processes. On balance, these to components 
combined to yield a small drop in total energy intensity over the period. 
The six industries with the largest declines in total energy intensity (1990 
intensities 70 to 50 per cent of 1980 intensities) are electrical machinery, precision 
machinery, non-ferrous metals, oil and refinery products, plastics and the 'others' 
group. All are industries incorporating significant proportions of semi-processed 
inputs. In all these industries the falls in indirect energy intensity have been quite large, 
reflecting falls in the energy embodied in the semi-processed inputs. As well as 
reductions in energy embodied in inputs, the other contribution to falling indirect 
energy intensity is changes, due to changing production technologies, to the inputs 
themselves to less energy-intensive goods. This component is considered separately 
below using the technique of decomposition by differencing. 
In the precision machinery industry, for example, indirect energy intensity fell 
by over one third between 1980 and 1990. Input-output tables show that the main 
material inputs into the industry are non-ferrous metals, steel products and plastics. 
The energy embodied in these inputs (especially non-ferrous metals and plastics) as 
measured by the total energy intensity has dechned, and this decline fed through into 
the net decline in indirect energy intensity in Table 5.7. 
The steel industry data in Table 5.7 confirm the result in the previous chapter 
that the direct energy intensity increased through the 1980s. Interestingly, indirect 
energy intensity changed very little, suggesting no substitution of indirect energy 
consumption for direct energy consumption. The relative indirect energy intensity is 
just below 1, signifying that the inputs into the steel industry became slighdy less 
energy intensive over the period. These results are analysed further in Chapter 6. 
Both direct and indirect energy intensities in the non-ferrous metals industry 
fell. The 48 per cent fall in direct energy intensity reflects the collapse of the domestic 
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aluminium smelting industry, which removed much of the sector's demand for primary 
fuels and electricity. The lesser fall in indirect energy intensity incorporates this fall in 
direct intensity as well, as the main input into the sector, from input-output tables, is 
non-ferrous metals. At the 46 sector level of disaggregation distinction is not made 
between the stages of aluminium production so the substitution of imported 
aluminium ingots for domestically produced ingots shows up in direct energy intensity 
rather than indirect energy intensity. The change to import of aluminium ingots and 
the high volume of energy embodied in these imports is clear in the analysis of imports 
and energy at the end of this chapter. 
The Table 5.7 also shows the way these direct and indirect energy intensity 
components combine to give the change in total energy intensity. Comparing the 
magnitude of the changes in indirect and direct energy intensity with the magnitude of 
the change in total energy intensity gives a good indication of the weighting noted in 
the previous section (see Table 5.3) between direct and indirect energy consumption. 
Total change in energy intensity in furniture manufacturing, for example, was 
very small, virtually the same energy intensities in 1990 as in 1980. Change in total 
energy intensity is a combination of indirect intensity change (very small growth) and 
direct energy intensity change (a large decline — with less than half the energy 
consumed in the production process in 1980 required in 1990). The small total (net) 
intensity change, close in magnitude to the indirect energy change, reflects the energy 
structure of the sector. This structure is strongly weighted towards indirect energy 
consumption — direct energy intensity is low and direct energy consumption is such a 
small proportion of total energy consumption (including that embodied in inputs) that 
the large drop had a negligible effect on net (total) energy intensity. 
Conversely, the net increase in energy intensity for the fisheries sector reflects 
the growth in direct energy intensity, though this has been softened somewhat by a 
decline in indirect intensity. Change in total energy intensity in the plastics sector lies 
closer to the change in the indirect energy intensity components, and total change in 
the non-ferrous metals sector lies closer to the indirect intensity change, reflecting the 
high proportion of indirect energy consumption in the sector. The industries with the 
greatest changes in these two components are shown in Table 5.8, below. 
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Table 5.8 Direct and indirect energy intensities, sectors with largest/smallest 
1990/1980 ratios 
INDIRECT INTENSITY CHANGE DIRECT INTENSITY CHANGE 
Top 6 sectors 1990/1980 Top 6 sectors 1990/1980 
Furnishings & wood 1.047 Agriculture & forestry 1.510 
products 
Food & drink 0.999 NEI 1.366 
products 
Processed metal 0.989 Fisheries 1.348 
products 
Business & services 0.976 Steel 1.126 
Textiles 0.961 Electricity 1.043 
Steel 0.951 Coal, oil & gas extraction 1.037 
Bottom 6 sectors Bottom 6 sectors 
Chemicals 0.673 Transportation machinery and 0.619 
equipment 
Non-ferrous metals 0.663 Rubber products 0.595 
Precision machinery 0.628 Electrical machinery and 0.536 
appliances 
Electricity 0.598 Non-ferrous metals 0.523 
Electrical machinery 0.520 General machinery 0.440 
and apphances 
NEI 0.476 Furnishings & wood products 0.433 
Source: As for Table 5.3. 
Direct intensities taken separately reflect the results of Chapter 4, with a few 
industries (agriculture and forestry, 'others', fisheries and steel) showing increasing 
energy intensities over the period, with the others falling. The largest falls are seen in 
a broad range of industries: in furniture manufacture (reflecting the shift to indirect 
energy consumption); in general machinery (similar); in non-ferrous metals (decline of 
aluminium smelting and other energy-intensive processes); and in electrical machinery. 
When the changes in indirect energy intensity are isolated, all sectors show 
declines (except the very small increase for furniture manufacture), and again those 
using large proportions of semi-processed inputs show the largest declines in indirect 
intensity, indicating that the inputs themselves have generally become less energy 
intensive. Note that the food sector has one of the lowest declines (indirect intensity 
remaining virtually constant between 1980 and 1990), a result of the direct energy 
intensities in two major inputs to the sector (fisheries and agriculture/forestry 
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increasing). It is also worth noting that the 'others' sector, while increasing slightly in 
direct intensity, declined substantially (by 53 per cent) in indirect intensity. The main 
inputs are from tertiary service sectors and have low direct energy intensities. The 
decline in indirect energy intensity in the electrical machinery industry reflects 
declining energy intensities in the main inputs, electronics, plastics and non-ferrous 
metals. 
Analysis of change in total energy intensity and its components, direct and indirect 
energy intensity, over the period 1980-1990 reveals the extent to which reduction in 
the energy embodied in inputs has contributed to overall energy intensity change. 
Direct energy intensity in many sectors over this period was either steady or even 
increased slightly. Indirect energy intensities, however, fell in 27 of the 28 sectors, 
with some sectors showing large falls (over 30 per cent). These results highlight the 
importance of change in embodied energy inputs to overall energy intensity change, 
especially the component of change in Japan's aggregate energy intensity attributable 
to the manufacturing sector. 
Technological and structural components of intensity change 
The changes in direct and indirect intensities of the 28 industry sectors can be totalled 
and then decomposed into structural and technological components using the same 
weighted energy intensity technique as in Chapter 4. 
In this process change in each of the energy intensities (total, direct and 
indirect) can be decomposed into change in two factors: 
A(EA') = (E/Yt) - (Et-i/Yt-i) 
= X Awi [s.t + Sit-i]/2 + X Asi[w,t + Wit-i]/2 
where Wit = e.^yit, the energy intensity of sector i in period t, and 
= yi/Yt, sector i's share of output in period t. 
The first term on the right hand side, Aw, [su + Sit-i]/2, measures the share of 
overaU energy intensity change due to technological changes in industry or sector-
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level energy intensity (Awi). The second term, Asi [wit + Wit-i]/2 , measures the share 
of overall change due to changes in shares of total outputs (Asi) — the structural 
change component. 
Applying this technique yields technological and structural change components 
for each of the energy intensities, quantifying the share of energy intensity change due 
to technological changes and to structural changes. Results are summarised in 
Table 5.9 and Figure 5.4. 
Table 5.9 Structural and technological change components, 1980-1990 
(loe/1985¥100) 
Structural change Technological change Total 
Direct energy intensity -0.00949 -0.00479 -0.0143 
Indirect energy intensity -0.00365 -0.0291 -0.0326 
Total energy intensity -0.0131 -0.0338 -0.0469 
Source: As for Table 5.3. 
These results are shown graphically in Figure 5.4 below. 
The figure confirms the results of Chapter 4, that the level of technological 
change affecting direct energy intensities in the 1980s was lower than the level of 
structural change affecting direct energy intensities. These data add a useful result to 
the analysis in Chapter 4, that the change in indirect intensity was much greater than 
the change in direct energy intensity. This change in indirect energy intensity was 
almost wholly due to improvements in the technology of fuel use rather than to 
structural change. The high level of inter-industry trading has meant that the smaller 
levels of change in direct energy intensities accumulated to significant changes in the 
energy embodied in inputs. 
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Figure 5.4 Structural and technological change components 
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Source: Plot of Table 5.9. 
The total energy intensity change reflects these two components, and is clearly 
dominated by technological changes which account for two-thirds the change in total 
energy intensity. The implications of these findings for forecasts of future energy 
intensity change are explored in Chapter 8. 
DECOMPOSITION BY DIFFERENCING 
The results above in Table 5.9 and Figure 5.3 were calculated from the changes in the 
energy intensities (direct, indirect and total energy intensities) derived above, using 
the same weighted index methodology in Chapter 4. Use of input-output data allows 
application of an additional and more powerful technique. The techniques outlined in 
Chapter 2 can be applied to the changes in the energy intensities derived from input-
output data to yield measures of the amount of change due to structural adjustment in 
the economy, the amount due to changing technologies of fuel use and the amount 
due to changing technologies of use of other inputs. 
The analysis in this section uses input-output tables and energy data to 
separate another component influencing energy intensity — the changing mix of non-
fuel inputs. This component is additional to the technological and structural change 
components analysed above and in Chapter 4. These results clarify the respective roles 
156 
of energy technology change and non-energy technology change in aggregate energy 
intensity change. 
In overall terms, Chapter 4 found that between 1980 and 1990 gross direct 
energy intensity across the Japanese economy fell by 0.0143 litres of oil equivalent 
(loe)/¥100 — from 0.0777 loe/¥100 in 1980 to 0.0634 loe/¥100 in 1990. 
In context, note that this is a smaller fall than over the 1973-1980 period of 
some 0.040 loe/¥100 derived in Chapter 4, but is still very significant. The 1973-1980 
fall amounted to a 31 per cent improvement in aggregate energy efficiency. The 1980-
1990 fall amounted to a further 18.4 per cent improvement in aggregate energy 
efficiency. The decomposition by differencing technique breaks this overall change 
into three key components for each industry. 
The methodology takes the static input-output equation for energy 
consumption derived in Chapter 2 
E = 
and adjusts it to deal with energy intensities as follows: 
E/Y - C ( I - A ) - y Y 
where E = Z Cj and Y = S yi, i sectors. 
The technique of decomposition by differencing (Proops et al 1993) allows separation 
of components of changes in energy intensity over time by approximating d(E/Y)/dt 
to: 
A(E/Y) = A C ( I - A ) - y Y + CA{(I-A)- '}yY + C ( I - A y ' A y Y + remainder (6) 
Where: 
A C ( I - A ) ' y Y corresponds to the component of overall intensity change due 
to change in the technology of direct energy use, that is energy 
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efficiency in production technology (or reduction in the amount 
of energy required in the production process). 
CA{(I-A)-'}>'A^ corresponds to the component of change of intensity due to 
change in the technology of the production of goods (change in 
the mix of inputs to the production process). 
corresponds to the component of change of intensity due to 
change in the structure of GDP, ie the sectors' shares of GDP. 
The A notation denotes the change in the value over the period, and the bar 
notation (—) denotes the mean value over a period. Where central differences are 
used, Proops et al (1993) show that the remainder for a decomposition of 3 variables 
is 1/4[ACA(I-A)"'A >•/¥]. The components are again additive over sub-periods and 
sectors. 
The energy intensity vector C is calculated from direct energy consumption 
and product output (by value) data for the 28 sectors, e, and yi. The Leontieff inverse 
matrix is calculated from input-output tables, adjusted for the 28 sectors used here. 
The sectoral domestic production yi for each sector is taken from input-output tables 
and sums to total domestic production Y. The three components are shown as the 
first three columns in Table 5.10. 
The lack of disaggregated energy consumption data before 1980 constrains 
the period that can be analysed. ResuUs are presented and discussed below using the 
two years 1980 and 1990. 
The flill set of decomposed data is reproduced in the table below. As there are 
a lot of data generated by this process, the following discussion focuses on the total 
changes and changes in the same 15 most energy-intensive sectors chosen earlier in 
this chapter. 
The total change in energy intensity derived using the input-output 
methodology is a fall of 0.04693 loe/¥100, substantially larger than the change 
observed using direct energy consumption only of 0.0143 loeAf 100, though the direct 
energy use column in Table 5.10 has a comparable total of 0.013 loe/¥100. Allocating 
energy consumption across all sectors of production and across intermediate and final 
demand sectors confirms that the largest contribution (0,0206 loe/¥100 or 
44 per cent of the total fall in energy intensity) stems from change in the technology of 
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production of goods (changes in the mix of inputs with consequent change in energy 
embodied in inputs). 
Table 5.10 Components of change in energy intensity 1980-1990: 
full decomposition 
(loe/¥100) 
SECTOR direct inputs structural remainder sum of 
energy use mix change components 
Agriculture & forestry 0 . 0 0 0 0 5 - 0 . 0 0 0 2 0 - 0 . 0 0 1 1 4 4.7x10"® - 0 . 0 0 1 2 9 
Fisheries 0 . 0 0 0 2 1 - 0 . 0 0 0 0 3 - 0 . 0 0 0 6 5 2.0x10® - 0 . 0 0 0 4 6 
Mining - 0 . 0 0 0 0 5 - 0 . 0 0 0 0 4 - 0 . 0 0 0 2 2 -5.0x10"® - 0 . 0 0 0 3 2 
Coal, oil & gas extraction < 0 . 0 0 0 0 0 - 0 . 0 0 0 0 1 - 0 . 0 0 0 1 3 3.5x10"^ - 0 . 0 0 0 1 4 
Food & drink products - 0 . 0 0 0 2 4 0 . 0 0 0 1 1 - 0 . 0 0 1 4 4 2.3x10"® - 0 . 0 0 1 5 8 
Textiles - 0 . 0 0 0 4 1 0 . 0 0 0 2 5 - 0 . 0 0 1 4 2 1.5x10"^  - 0 . 0 0 1 5 8 
Furniture & wood - 0 . 0 0 0 1 1 0 . 0 0 0 1 6 - 0 . 0 0 0 6 7 3.3x10"' - 0 . 0 0 0 6 2 
products n Pulp & paper - 0 . 0 0 0 5 1 - 0 . 0 0 0 5 2 - 0 . 0 0 0 1 6 -8.1x10"' - 0 . 0 0 1 2 0 
Printing & pubhshing - 0 . 0 0 0 1 9 - 0 . 0 0 0 0 5 0 . 0 0 0 1 4 5.6x10"' - 0 . 0 0 0 1 0 
Chemicals - 0 . 0 0 4 1 9 - 0 . 0 0 2 5 1 0 . 0 0 1 7 2 2.9x10"^ - 0 . 0 0 4 9 8 
Oil & refinery products - 0 . 0 0 2 3 4 - 0 . 0 0 1 9 7 - 0 . 0 0 3 7 1 8.8x10"® - 0 . 0 0 8 0 3 
Plastics - 0 . 0 0 0 4 8 - 0 . 0 0 0 6 3 0 . 0 0 0 7 8 2.1x10"^ - 0 . 0 0 0 3 3 
Rubber products - 0 . 0 0 0 1 9 - 0 . 0 0 0 2 0 0 . 0 0 0 0 2 8.6x10"' - 0 . 0 0 0 3 7 
Porcelain, ceramics & - 0 . 0 0 0 8 8 - 0 . 0 0 0 5 4 - 0 . 0 0 1 1 2 -7.5x10"® - 0 . 0 0 2 5 5 
cement 
Steel 0 . 0 0 2 2 8 - 0 . 0 0 1 9 4 - 0 . 0 1 1 1 2 8.2x10"' - 0 . 0 1 0 7 8 
Non-ferrous metals - 0 . 0 0 0 5 2 - 0 . 0 0 0 8 2 - 0 . 0 0 0 5 0 -1.5x10® - 0 . 0 0 1 8 4 
Processed metal products 0 . 0 0 0 1 1 - 0 . 0 0 0 1 9 - 0 . 0 0 0 3 1 1.7x10® - 0 . 0 0 0 3 9 
General machinery - 0 . 0 0 0 0 7 - 0 . 0 0 1 8 0 0 . 0 0 2 2 3 9.4x10® 0 . 0 0 0 3 5 
Electrical machinery and - 0 . 0 0 0 6 4 - 0 . 0 0 5 1 6 0 . 0 0 7 0 6 1.5x10"^  0 . 0 0 1 2 5 
appliances „ c 
Transportation machinery - 0 . 0 0 0 5 4 - 0 . 0 0 2 2 4 0 . 0 0 2 7 4 6.3x10"^ - 0 . 0 0 0 0 4 
and equipment 7 - 0 . 0 0 0 3 7 Precision machinery - 0 . 0 0 0 0 5 - 0 . 0 0 0 3 0 - 0 . 0 0 0 0 1 -1.9x10"' 
1.8x10® Other manufactures - 0 . 0 0 0 1 3 0 . 0 0 0 0 4 - 0 . 0 0 0 0 5 - 0 . 0 0 0 1 3 
Building & construction - 0 . 0 0 0 9 5 - 0 . 0 0 0 0 6 - 0 . 0 0 0 3 1 -1.8x10"® - 0 . 0 0 1 3 3 
Electricity 0 . 0 0 0 6 2 - 0 . 0 0 1 0 9 - 0 . 0 0 2 2 1 1.8x10"^  - 0 . 0 0 2 6 8 
Gas & heat supply - 0 . 0 0 0 1 4 - 0 . 0 0 0 1 1 0 . 0 0 0 1 7 1.4x10"' - 0 . 0 0 0 0 7 
Transport - 0 . 0 0 0 9 3 - 0 . 0 0 0 4 6 - 0 . 0 0 0 8 5 -2.2x10"' (T - 0 . 0 0 2 2 5 
Business & services - 0 . 0 0 3 0 4 0 . 0 0 1 4 6 - 0 . 0 0 0 1 0 2.7x10"® - 0 . 0 0 1 6 8 
NEI 0 . 0 0 0 2 2 - 0 . 0 0 1 6 8 - 0 . 0 0 1 8 4 7.6x10® - 0 . 0 0 3 3 1 
Sum - 0 . 0 1 3 1 6 - 0 . 0 2 0 6 1 - 0 . 0 1 3 1 4 3.2x10"^ - 0 . 0 4 6 9 3 
Source: As for Table 5.3, calculated using Equation 6. 
Remainder = l/4[AC'A(I-A)-'Aj/Y] 
159 
The structural change component is of similar magnitude to the fuel use technology 
change component (at around 0.0132 loe/¥100 decline). 
Table 5.11 shows how the main contributions to the overall reduction in 
energy intensity are concentrated in the 15 energy-intensive industries identified in the 
section above. These 15 sectors account for over 84 per cent of the total fall in energy 
intensity. Since the remainder term is small, it has been omitted from the following 
tables for the sake of clarity. 
Table 5.11 Components of falls in total energy intensity: 
top 15 energy-intensive sectors 
SECTORS direct inputs mix structural sum 
energy use change 
Steel 0.00228 -0.00194 -0.01112 -0.01078 
Oil & refinery products -0.00234 -0.00197 -0.00371 -0.00803 
Chemicals -0.00419 -0.00251 0.00172 -0.00498 
NEI 0.00022 -0.00168 -0.00184 -0.00331 
Electricity 0.00062 -0.00109 -0.00221 -0.00268 
Porcelain, ceramics & cement -0.00088 -0.00054 -0.00112 -0.00255 
Transport -0.00093 -0.00046 -0.00085 -0.00225 
Non-ferrous metals -0.00052 -0.00082 -0.00050 -0.00184 
Pulp & paper -0.00051 -0.00052 -0.00016 -0.00120 
Fisheries 0.00021 -0.00003 -0.00065 -0.00046 
Processed metals 0.00011 -0.00019 -0.00031 -0.00039 
Rubber products -0.00019 -0.00020 0.00002 -0.00037 
Plastics -0.00048 -0.00063 0.00078 -0.00033 
Coal, oil & gas extraction <0.00000 -0.00001 -0.00013 -0.00014 
Gas & heat supply -0.00014 -0.00011 0.00017 -0.00007 
Sum -0.00675 -0.01276 -0.01993 -0.03945 
Source: Extract from Table 5.10. 
The trends in the movements of the three components can be seen more 
clearly in the chart below. 
Several points are worth noting in Table 5.11 and Figure 5.5. In all 15 
industries the inputs mix component is negative, indicating that the energy intensity of 
material (non-energy) inputs to these industries dechned. 
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Figure 5.5 Components of energy intensity change, 
top 15 energy-intensive industries 
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The volume of energy embodied in these inputs therefore also declined. This is to 
be expected, given the net intensity decline in most individual sectors in this period noted 
above. In only five industries (pulp and paper, oil products, transport, ceramics and 
cement, and non-ferrous metals) is the direction of change of all three components 
negative. The other sectors show the effect of different economic forces, some pulling 
intensity up and others pushing it down. 
For the steel, electricity generation and oil products industries, most of the change 
in overall energy intensity is due to structural change, the industries accounting for a 
smaller share of GDP, between 1980 and 1990. .In many of the 15 sectors the total 
intensity change is small (rubber; gas & heat supply; and coal, oil and gas extraction, for 
example). This points once again to the high concentration of intensity change in a few 
key industries. In fact, the five industries at the top of Table 5.11 above account for over 
two-thirds of the overall intensity decline. Technological and structural changes in four of 
these industries (steel; non-ferrous metals; ceramics and cement; and pulp and paper) are 
discussed in the following chapter. The electricity industry is analysed in Chapter 7. 
Figure 5.6 Components of change in energy intensity in the five sectors with 
greatest intensity falls 
Steel 
Oil & refinery 
products Chemicals NEI Electricity 
direct energy use 
• inputs mix component 
H structural change 
I sum 
Source: As for Table 5.3. 
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The chart above highlights the industries showing the greatest declines in energy 
intensity and shows how the three components combine to produce the significant 
intensity declines observed in each industry. 
The changes in the components are generally negative over the period, though the 
steel, electricity generation and NET ('others') sectors show small direct energy-use 
intensity increases which are more than offset by falls in the other components, 
particularly structural (GDP share) changes. Of these industries, only the chemicals 
industry increased its share of GDP. This pattern of little change in direct (technological) 
energy intensity during the 1980s is consistent with the results of the previous chapter 
which showed how most of the technologically driven change in energy efficiency took 
place in the 1970s. 
These five industries contributed the bulk of the fall in overall energy intensity, 
and it is worth noting that the ratios of the three components in this small group are 
significantly different from the ratios in the whole economy. The structural change 
component for these five industries accounts for almost twice the amount of energy 
intensity change than the changing mix of inputs. Technology of fuel use accounted for 
only a small proportion of the total energy intensity change for these five industries. 
Figure 5.7 Components of energy intensity change 
top 5 
industr ies 
all 
industr ies 
and 
sec to rs 
• direct • inputs mix [ 13 structural 
e n e r g y use c o m p o n e n t c h a n g e 
Source: As for Table 5.3. 
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For the set of all sectors, however, Figure 5.7 shows a more even split between 
the three components. 
In the whole economy, for all the 28 sectors, the input mix component accounted 
for some 44 per cent of total energy intensity change, with the other two components at 
around 28 per cent each. In the group of the top five industries the changing inputs mix 
component totals 31 per cent of change in total energy intensity, improvements in direct 
energy use only 11 per cent and the GDP share structural change component is up to 
57 per cent of total energy intensity change. Clearly, in the most significant group, the 
most significant factor is shrinking contributions to GDP. Fuel use technology shows only 
a very small improvement in energy efficiency over the decade. 
The input-output decomposition methodology yields useful results that add to results 
presented earlier in this chapter and in the previous chapter. The dominance of a few key 
industries in accounting for energy intensity change is confumed, as is the importance of 
continuing structural change over change in direct technologies of fuel use. Application 
of the methodology shows that the changes in indirect energy consumption, in the input 
mix of the main industries, also accounts for a large part of aggregate energy intensity 
decline. Also important from an energy policy perspective is the result that the shares of 
these three components in energy intensity change in the most significant industries are 
different from those in the economy as a whole. For the five most important industries, 
accounting for over two-thirds of total energy intensity decline, continuing structural 
change through the 1980s leading to these industries losing share of GDP was the major 
factor behind the contribution of these industries to dechne in energy intensity. The 
implications of these trends for forecasts of future net efficiency gains are discussed in 
Chapter 8. 
TRADE AND ENERGY 
As discussed in Chapter 1, Japan imports the bulk of its primary energy needs and 
exports very little primary energy. With trade (exports plus imports) accounting for some 
32 per cent of GDP in 1990, however, there is an important trade in indirect energy, the 
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energy embodied in traded goods (and services to a lesser extent). The total energy 
intensities derived above can be used with import and export data to give an indication of 
Japan's indirect energy imports and exports. 
Total energy intensities and import and export value data are available for each of 
the 28 sectors. The product of these yields the volume of energy (million litres of oil 
equivalent) embodied in imports and exports. The total energy intensities derived above 
using input-output data are a much more accurate measure of energy embodied in goods 
than are the simple direct energy intensities used in Chapter 4. The elaborately 
transformed manufactures, for example, do not have high primary energy intensities, 
though semi-processed goods are important inputs and calculations of energy embodied 
in imports and exports using only primary energy consumption data would thus be biased 
downwards. Yet if these elaborately transformed manufactured goods were produced 
offshore they would embody energy consumed throughout the production process, not 
just the final stage. 
As the input-output methodology incorporates the energy embodied in inputs as 
well as primary energy inputs, a clearer picture of net energy imports and exports is 
possible using the results of this methodology. 
Exports 
Table 5.12 below uses the total energy intensities calculated above for 1990 and 
combines these intensities with 1990 export value data from input-output tables. The 
table shows that of energy embodied in exports, 53 per cent of the total is embodied in 
transport machinery, electrical goods, general machinery and transport services exports. 
The energy-intensive manufacturing industries have much higher total energy intensities, 
though the value of exports of these industries is much less than the value of exports of 
more highly value-added products. Exports of energy-intensive manufactures (steel, 
chemicals and processed metals) make up a further 28 per cent of embodied energy 
exports. 
A similar concentration of energy in a few sectors is observed here as has been 
observed in other parts of this chapter. Here, the 10 largest embodied energy export 
sectors account for over 90 per cent of total embodied energy exports. 
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Comparing the results in Table 5.12 with results for 1980 indicates that, overall, 
the volume of energy embodied Japan's exports has decreased. In 1990 the total energy 
embodied in all exports was 112,626 mloe, while total primary energy supply to the 
economy was 525,739 mloe. The share of energy embodied in exports was thus 
21.4 per cent of total primary energy supply. In 1980, however, energy embodied in 
exports totalled 105,790 mloe, with total primary energy supply at 427,095 mloe, 
yielding a share of 24.8 per cent. This indicates that Japan's exports, on balance, 
embodied a smaller share of total primary energy supply in 1990 than in 1980. 
Table 5.12 Energy embodied in exports, 1990 
exports total energy embodied % of total 
SECTOR (b¥) intensity energy embodied 
(mloe/¥100m) (mloe) energy 
Transportation machinery and 10346 0.1784 18458 16.4 
equipment 
Electrical machinery and 15919 0.1081 17204 15.3 
appliances 
Transport 4658 0.3384 15761 14.0 
Steel 1878 0.8258 15508 13.8 
Chemicals 3076 0.4544 13978 12.4 
General machinery 4933 0.1868 9214 8.2 
NEI 1619 0.2277 3687 3.3 
Business & services 4416 0.0765 3380 3.0 
Oil & refinery products 801 0.3619 2899 2.6 
Processed metal products 599 0.3059 1833 1.6 
sub-total 101922 90.5 
Total 112626 100.0 
Source: Value of exports data from input-output tables, as for Table 5.3. Total 
energy intensities from Table 5.3. Embodied energy is the product of these 
two columns. 
Imports 
The same methodology can be applied to estimate the amount of energy embodied in 
imports. Here, derived total energy intensities are multiplied by values of imports. 
Of course this technique is limited by the implicit assumptions that: the goods 
traded are substitutes; and that the processes used in the source countries have the same 
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total energy intensity as those in Japan. As noted in Chapter 3, Japan's input-output data 
is compiled under the assumption of imports being substitutes for domestic production 
(competing imports). The second assumption is more of a concern as it is clearly not 
strictly true, since energy efficiency of processes varies between countries and this is one 
of the bases of international comparative advantage. The numbers derived, therefore, do 
not exactly reflect the volume of energy required in the production of the imported 
goods. Given that in many cases the energy intensities of Japanese production processes 
are lower than in other countries, the results derived under this assumption (same energy 
intensities) tend to overstate the indirect energy flows. The results also tend to understate 
the changes in indirect energy flows over time, as the energy intensities of many Japanese 
production processes plateaued in the 1980s. This plateauing may not be the case with 
production processes in other countries, especially the newly industrialising countries that 
are typically the sources of Japan's semi-processed imports. 
While the results of applying this approach do not accurately measure the volumes 
of energy used in the production of semi-processed imports, the results do give an 
indication of the amount of primary energy Japan has 'saved' by importing these goods 
rather than producing them domestically. In this sense it is a crude measure of the amount 
of energy imported indirectly, embodied in imported inputs and other goods for final 
demand. 
The top industry, coal oil and gas extraction, is the industry supplying primary 
fuels, almost all of which are imported. The import of these primary fuels accounted for 
one quarter of all the energy embodied in Japan's imports in 1990, the other three 
quarters is embodied in other goods and services. Imports of other products from other 
sectors with large impon quantities like non-ferrous metals, chemicals, transport services 
and food also embody significant quantities of energy. While the amount of steel imports 
itself is not great, the energy intensity of the imported products is high enough to produce 
a significant contribution to energy embodied in imports. 
Comparing the data in Table 5.13 with data for 1980 shows that overall, Japan's 
imports changed to embody more energy. Total energy embodied in imports in 1980 was 
102,428 mloe, with total primary energy supply at 427,095 mloe, for a share of energy 
embodied in imports of 24.0 per cent. In 1990, energy embodied in imports was 
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148,083 mloe and primary energy supply 525,739 mloe, for a share of energy embodied 
in imports of 28.2 per cent. More energy is now being imported embodied in imports. 
The aggregate energy intensity of imports increased over this period as well, with total 
energy intensity (volume of embodied energy/value of imports) some 0.00279 loe/¥ in 
1980 and 0.00331 loe/¥ in 1990. 
Table 5.13 Energy embodied in imports, 1990 
SECTOR imports (b¥) 
total energy 
intensity 
mloe/¥100m 
embodied 
energy 
(mloe) 
% of total 
embodied 
energy 
Coal, oil & gas extraction 14287 0.2590 37012 25.0 
Oil & refinery products 4147 0.3619 15009 10.1 
Chemicals 3089 0.4544 14037 9.5 
Transport 3095 0.3384 10473 7.1 
Steel 924 0.8258 7630 5.1 
Non-ferrous metals 3055 0.2386 7290 4.9 
Food & drink products 4422 0.1498 6623 4.5 
Textiles 2994 0.1738 5205 3.5 
Other manufactures 3129 0.1626 5088 3.4 
Agriculture & forestry 3118 0.1423 4438 3.0 
sub-total 112805 76.1 
Total 148083 100.0 
Source: As for Table 5.12. 
This is best seen by looking at each of the 15 sectors identified above in Table 5.6 
as the industries with the highest total energy intensities. Table 5.14 shows the calculated 
equivalent volume of energy that was imported to Japan in 1980 embodied in goods and 
services, as well as primary consumption of energy in production of goods and services in 
Japan. The ratio of these volumes gives an indication of where energy is consumed in 
producing the goods and services Japan requires — at home or overseas. 
The coal, oil and gas extraction sector is, as noted above, somewhat of an 
anomaly in that most of its inputs (primary fuels) are imported. The manufacturing 
sectors are more interesting. In particular, the non-ferrous metals industry shows a high 
rate of import of materials embodying energy (reflecting the volume of imported 
aluminium ingots), followed by the rubber products and processed metals industries. 
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Table 5.14 Primary energy and energy embodied in imports, 1980 
energy domestic share of energy 
SECTOR embodied in primary energy embodied in 
imports consumption imports in total 
(mloe) (mloe) energy (%)^ 
Electricity 17 125948 0.01 
Gas & heat supply 9 10986 0.08 
Steel 2218 74692 2.97 
Chemicals 8098 46416 17.45 
Pulp & paper 1763 10330 17.06 
Oil & refinery products 10911 45198 24.14 
Fisheries 1359 5348 25.41 
Transport 5608 58046 9.66 
Porcelain, ceramics, cement 649 14611 4.44 
Processed metals 370 874 42.31 
Coal, oil & gas extraction 41680 481 8665.34 
Non-ferrous metals 5510 3406 161.78 
NEI 2576 7478 34.45 
Plastics 195 610 31.98 
Rubber products 305 600 50.84 
a Share of energy embodied in imports in total energy = volume of energy 
embodied in imports/domestic primary energy consumption. 
Source: As for Table 5.12. 
Table 5.15 shows the same data for 1990, and compares the shares of energy 
embodied in imports of inputs to these industnes for the two years 1980 and 1990. The 
1980 rank ordering is repeated in 1990 data, but all have increased in magnitude, 
signifying that for most of these 15 sectors energy embodied in imports is increasing 
relative to the amount of energy consumed in Japan in their manufacture. 
In three manufacturing industries (non-ferrous metals, processed metals and 
rubber products), the 1990 ratios of energy embodied in imported inputs to domestic 
primary energy consumption are over 100 per cent, indicating a greater volume of energy 
consumed offshore in production (subject to the constraint identified above) than in Japan 
itself. The ratios of offshore energy consumption to domestic energy consumption for 
these and several other manufacturing sectors grew appreciably over the decade, pointing 
to a trend to import of these energy-intensive goods rather than production in Japan. The 
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trend appears to be one of moving to importing goods embodying energy rather than 
importing energy and producing the goods in Japan, particularly in moderately energy-
intensive manufacturing processes. 
Table 5.15 Primary energy and energy embodied in imports, 1990 
energy domestic share of energy 1990 share/ 
SECTOR embodied in primary energy embodied in 1980 share 
imports consumption imports in total 
(mloe) (mloe) energy (%) 
Electricity 12 181570 0.01 0.48 
Gas & heat supply 9 16787 0.05 0.65 
Steel 7630 90538 8.43 2.84 
Chemicals 14037 55850 25.13 1.44 
Pulp & paper 1970 13240 14.88 0.87 
Oil & refinery products 15009 32874 45.65 1.89 
Fisheries 3267 6678 48.92 1.93 
Transport 10473 78568 13.33 1.38 
Porcelain, ceramics, cement 1812 12972 13.97 3.15 
Processed metals 1872 1088 172.09 4.07 
Coal, oil & gas extraction 37012 283 13078.40 1.51 
Non-ferrous metals 7290 2293 317.92 1.97 
NEI 4427 9484 46.68 1.36 
Plastics 428 960 44.59 1.39 
Rubber products 722 555 130.10 2.56 
Source: As for Table 5.12. 
In overall energy consumption volume terms the impact of this move towards 
importing of energy embodied in imports rather than domestic primary energy 
consumption has been quite significant. The total energy embodied in imports calculated 
from the method above is 148,083 mloe in 1990, around 28 per cent of total primary 
energy supply. Over time, growth in the share of energy input via energy embodied in 
imports was fairly slow through the 1980s, though faster than the growth of primary 
energy supply. 
As noted above, these results are constrained by the assumption underlying this 
methodology that production technologies in Japan are the same as those in the import 
source countries. The derived million litres of oil equivalent figures, therefore, are not 
hard statistics capturing changing patterns of energy consumption between Japan and 
Japan's trading partners. They do, however, give a reliable indicator of the amount of 
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energy not consumed in Japan in the manufacture of the imported goods. This in tum is a 
factor in Japan's aggregate energy intensity: to the extent that Japan did not consume 
primary energy domestically in the production of the imported goods, Japan's energy 
consumption levels have been reduced. The figures derived above suggest that the 
increase in indirect energy imports of 44 per cent over the period (45,655 mloe) was 
much more than the increase in Japan's primary energy supply of 23 per cent 
(98,644 mloe), serving to keep Japan's aggregate energy demand down. 
Examining the impact on Japan's domestic energy demand of Japanese overseas 
investment in the early 1980s, Kibune (1988) concluded that the investment in 
manufacturing industries and consequent shifting of production offshore led to a 
6-7 per cent decrease in domestic demand for primary fuels between 1980 and 1985. 
Kibune suggested that continuing overseas investment might lower domestic primary 
energy demand by one per cent per annum. The increases in indirect energy imports noted 
above tend to confirm this suggestion. 
The precise effect on aggregate energy intensity, however, is more difficult to 
determine since while Japan did not directly consume the energy embodied in the imports, 
nor does Japan's GDP reflect the contributions from manufacture of the imports. While 
the results on the volume of energy embodied in imports are useful, it is not possible to 
quantify the net effect on Japan's overall energy intensity of the substitution of imports of 
manufactured goods from this data alone. The impact of the offshore production by 
Japanese firms, however, is clearly to reduce aggregate energy intensity as the operations 
contribute to GNP without consuming energy domestically. 
It is possible to estimate an underlying energy intensity for the Japanese economy 
by taking the sum of the direct primary energy supply and the energy embodied in 
imports, and dividing this by GDP. This statistic yields an overaU intensity of 
0.0929 mloe/¥100million in 1980 and 0.0781 mloe/YlOOmiUion in 1990, a fall of 
0.0148 mloe/¥100miUion, or 15.9 per cent over the decade. This fall is only slightly less 
that the fall of 19.2% observed in crude total energy intensity over the same period 
(Chapter 1). 
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The energy embodied in imports was equivalent to 28 per cent of Japan's total primary 
energy supply in 1990, up from 24 per cent in 1980. Once again this equivalent volume is 
concentrated in a few industries, mostly the energy-intensive manufacturing industries. 
These energy-intensive industries — notably steel, chemicals, non-ferrous metals and 
ceramics and cement, along with the rubber industry, showed the largest increases in the 
share of imported indirect energy (Table 5.15). This suggests some shifting of production 
offshore in these industries and consequent loss of domestic output share, contributing to 
Japan's aggregate energy intensity decline, though the precise proportion of the decUne in 
aggregate energy intensity attributable to this offshore production is not clear. 
The restrictive assumption that the offshore production technologies have the 
same energy intensities as the domestic production technologies means that the calculated 
volumes of embodied energy do not strictly conform to volumes of energy consumed 
offshore to meet Japan's domestic demand. Rather, the calculated volumes are a useful 
measure of the energy not consumed in Japan to meet domestic needs for production of 
the goods. 
CONCLUSIONS 
Input-output techniques add an important dimension to energy intensity analysis. The 
added dimension is the ability to separate the indirect energy consumption induced by 
intermediate demand from primary energy directly consumed in production. This enables 
estimation of the energy embodied in non-energy inputs. 
In total energy intensity terms (direct energy intensities plus indirect energy 
intensities), the 15 most energy-intensive sectors show a much smoother distribution than 
the sectors with high direct energy intensities, which are heavily biased towards a few key 
industries. Total energy intensities are spread more evenly through the economy and 
indicate how 'finishing' industries like plastics induce considerable energy demand 
(mainly through the energy embodied in their inputs) while actual direct energy intensity 
is quite small. 
Chapter 4 showed that change in direct intensity in the late 1980s was largely due 
to structural changes in the Japanese economy in which less energy-intensive industries 
took larger shares of GDP. The analysis in this chapter makes clear that while direct 
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energy intensities in the 1980s were mixed — increasing for some industries and 
decreasing for others — indirect energy intensities fell in all industries. The analysis in 
this chapter shows that change in indirect intensity (the change in energy content 
embodied in inputs) was almost wholly due to technological improvements in fuel use, 
and was in fact of greater magnitude than the direct energy intensity change in this period 
(Figure 5.4). In contrast, consistent with the results of Chapter 4, most of the change in 
direct energy intensity in the 1980s was due to changes in economic structure. 
These results are a consequence of the high proportion of output from the energy-
intensive industries delivered not to final but intermediate demand sectors. With these 
high levels of inter-industry trading, a small change in the energy intensity of an input 
feeds through to significant indirect energy intensity improvements in the industry overall. 
Application of input-output methodologies yields a slightly different set of 
industries responsible for most of the gross energy intensity change in Japan for the 1980s 
to the set of industries identified from direct energy consumption data in Chapter 4. 
Input-output analysis confirms the high degree of concentration of energy intensity 
change in a few key industries. Change in these industries (in both direct and indirect 
energy consumption) has fed through to almost all the other sectors as much of their 
output is delivered as inputs to other industries. Energy intensity change in other sectors 
has been minor. 
Over time, the most energy-intensive sectors show varying degrees of energy 
intensity change. Some have changed httle (such as coal, oil and gas extraction and gas 
and heat supply). Other sectors, however (most notably steel, chemicals, oil and refinery 
products, 'others' and electricity) show significant change which cumulates to over two 
thirds the total energy intensity change for the whole economy. 
Input-output analysis enables decomposition of energy intensity change into three 
distinct components: a component due to change in direct primary energy use; a 
component due to changes in the mix of non-energy inputs; and a component due to 
change in GDP structure. Figures 5.5 and 5.6 showed how consideration of direct 
intensity change alone gives an incomplete picture. The inputs mix component of change 
in energy intensity is negative for all sectors through the 1980s, and is quite large for the 
15 most energy-intensive sectors, indicating that the volume of energy embodied in inputs 
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has, in general, declined significantly. The direct energy use component is positive in 
many industries. The inputs mix component for all sectors is double the magnitude of the 
component due to change in direct energy consumption, but is still less that the 
component due to economic structural change. Structural change was akeady identified 
in Chapter 4 as the main cause of changes in energy intensity in the late 1980s. Figure 5.7 
highlighted the subde differences in the sources of energy intensity change in the main 
energy-intensive sectors from the changes in the economy as a whole. Most notable is the 
smaller effect of change in technology of fuel-use, and the larger impact of changes in 
share of GDP for the main energy-intensive sectors. 
Mapping the sources of energy intensity change in this way is crucial for the 
development of effective energy saving policies. The concentration of total intensity 
savings in five sectors (steel, oil and refinery products, chemicals, 'others' and electricity) 
is important as it is changes relating to these sectors that have driven the aggregate 
energy intensity changes in the Japanese economy. Accounting for such a high proportion 
of aggregate energy intensity change between 1980 and 1990, the rate of decline of 
aggregate energy intensity will slow unless there are still more energy efficiency 
improvements stemming from these sectors, or scope emerges for improvements other 
sectors. This point is covered in more detail in the following chapter and the implications 
for energy policy of this trend are discussed in Chapter 8. 
Japan's exports are becoming less energy intensive, while imports are becoming 
more energy intensive, embodying more indirect energy imports. There is some evidence 
that it is substitution by imports of the energy-intensive inputs that is causing this 
increasing indirect energy intensity of imports. The proportion of energy embodied in 
imports compared to domestic energy primary energy consumption in several energy-
intensive sectors has increased: processed metals; ceramics and cement; iron and steel; 
rubber products; and non-ferrous metals. The volume of the indirect energy embodied in 
imports rose between 1980 and 1990 and the rate of growth was above the growth rate 
of primary energy supply, suggesting a substitution of domestic production by offshore 
production. This result provides support for the hypothesis that some of the decline in 
aggregate energy intensity has been due to shifting of some energy-intensive production 
processes and industries offshore. This accounts for some of the loss of share of domestic 
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production of these industries. Assuming direct substitutability between imports and 
domestic products and similar production technologies, overall, indirect energy imports in 
1990 accounted for 28 per cent of Japan's total underlying demand for primary energy. 
Both Chapter 4 and this chapter have confirmed the importance of a few key 
energy-intensive industries in accounting for the significant decline in Japan's aggregate 
energy intensity between 1980 and 1990. The following chapter looks in detail at four of 
these industries to assess how technological and structural changes have taken place. 
Electricity generation was also identified in this chapter as having an important influence 
on aggregate energy intensity, and Chapter 7 considers changes in the industry, and 
assesses the impact on energy intensity of rapidly growing demand for electricity, 
especially by households. 
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6 Structural Change and Technological Efficiency 
in Four Energy-intensive Industries 
INTRODUCTION 
This chapter considers the mechanisms of change in energy efficiency in four key 
energy-intensive industries between 1973 and 1991. These industries were identified 
in Chapters 4 and 5 as accounting for the bulk of the change in energy intensity in the 
manufacturing sector, and hence in the Japanese economy as a whole, over the 1973-
1991 period. The chapter uses micro level process analysis and takes the same 
approach to changes in energy intensity within industries as was taken to changes 
between industries in Chapter 4. 
Chapter 4 used industry output and energy consumption data to quantify the 
shares of overall change in energy intensity in the main sectors of the Japanese 
economy. The manufacturing sector emerged as the sector accounting for most of the 
change in aggregate energy intensity. Developments in the heavy manufacturing 
industries in particular played a major role in the reduction in total energy intensity 
after 1973. The analysis showed that over 60 per cent of the decline in energy 
intensity of the manufacturing sector was attributable to changes in just four 
industries: iron and steel; non-ferrous metals; ceramics and cement; and pulp and 
paper. With such a major share of the decline in energy intensity in the manufacturing 
sector, and therefore of the 37 per cent decline in Japan's aggregate energy intensity 
between 1973 and 1991, future changes in energy intensity in these industries are 
likely to also influence the extent of Japan's future changes in aggregate energy 
intensity. 
A high proportion of the outputs from these industries are delivered not to 
final demand but as inputs to other industries. Gains in energy efficiency within these 
industries therefore affect indirect energy consumption of downstream industries 
across the economy. Chapter 5 used input-output data for energy intensity analysis 
and confirmed that improvements in energy efficiency in these few industries also 
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accounted for the bulk of change in total energy intensity once inter-industry trade 
flows were taken into account. 
This chapter brings the level of analysis down from the sectoral and inter-
industry levels to the intra-industry level. It assesses the mix of intra-industry 
structural change and intra-industry technological change that combined to produce 
the significant reduction in energy intensity in each of these industries between 1973 
and 1991. Technological change here refers to advances in production processes that 
allow more efficient use of energy. Intra-industry structural change is the changing 
mix of inputs to and outputs from a particular industry over time. These structural 
changes act in the same way as inter-sectoral adjustments to alter energy intensity. 
Inputs to an industry embody energy and a change in the structure of inputs to more 
highly processed, more energy-intensive inputs can lead to less energy being 
consumed directly in the industry using those inputs. Similarly, outputs from an 
industry usually have widely varying energy intensities and increasing the share of 
output of more highly processed, energy-intensive products induces an increase in the 
industry's energy intensity. 
In assessing how and why these intra-industry adjustments have taken place it 
is important to look in detail at individual industries since each faces different business 
and technological environments. 
Four case studies are considered here. Firstly, the steel industry, which has 
been the single largest contributor to the dechne in aggregate energy intensity and 
which showed significant reduction in energy required per unit of output between 
1973 and 1991. Secondly, the non-ferrous metals industry, in particular the domestic 
aluminium refining industry which has all but disappeared and is a good example of 
the competitive pressures on an industry producing output of high value and high 
energy content. Thirdly, the cement industry, which is also energy intensive with high 
energy costs per unit of output, but the output is of much lower value and is less 
easily traded than steel or aluminium. The pulp and paper industry is the fourth 
energy-intensive industry considered in this chapter. In terms of shares of aggregate 
energy intensity, the chemicals industry is also significant, though detailed analysis is 
not undertaken here. The industry's heterogeneous inputs and outputs make it 
difficult to compare like processes over time, an important requirement in analysing 
energy efficiency changes. 
177 
TECHNOLOGICAL AND STRUCTURAL CHANGES WITHIN 
INDUSTRIES 
The concept of structural change between economic sectors was discussed in Chapter 
4. Structural adjustments in Japan have changed the relative sizes of industries and 
economic sectors. Tertiary industries and the manufacturing sector have grown, while 
the share of gross output of the primary industries has declined. Within the 
manufacturing sector, the output shares of the processed metals and food products 
industries have grown, while the shares of output of the iron and steel and chemicals 
industries have dechned. Chapter 4 determined the effects on aggregate energy 
intensity of these changes. This chapter considers the effect on industry energy 
intensity and energy efficiency of intra-industry structural change and technological 
change. 
Within an industry, 'structural change' can be interpreted as the change in the 
mix of inputs and outputs which occurs as an industry adjusts over time to meet 
changing demand for its products. Structural change reflects evolution in the 
production processes that define the industry. These changes are analogous to the 
structural shifts observed within the manufacturing sector away from the energy-
intensive industries towards industries with lower energy intensities. A shift within an 
industry, for example, towards greater use of semi-processed inputs over raw 
materials will, ceteris paribus, reduce the amount of energy consumed directly in the 
industry. Indirect energy consumption, as measured in Chapter 5, would increase. 
Conversely, the output mixes for some industries — for example processed 
metals and food products —show shifts towards more highly processed outputs. This 
typically has an impact on industry energy efficiency as new processes that extend 
transformation of inputs tend to consume more energy and so new products 
embodying more processing also embody more energy. These shifts in products partly 
counteract other technological advances which typically allow the same product to be 
manufactured using less energy. Since both outputs and production technologies 
change simultaneously, it is particularly important to compare like outputs and like 
processes when quantifying contributions to energy efficiency gains. 
The processes of technological change in these industries need some analysis 
in their own right, as technological change generally has not happened smoothly. 
Typically a new energy-saving technology, once developed, permeated through an 
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industry fairly quickly, bringing a rapid fall in the industry's energy intensity. Once this 
technology had been taken up, however, direct energy intensity tended to stabilise 
once again. Direct energy intensity is thus very responsive to the levels of investment 
in energy saving technologies. 
Energy-saving investment in manufacturing in Japan amounted to ¥4.7 trillion 
(US$34.8 billion) in 1991, with annual rates of investment at ¥200-400 biUion 
(US$1.4-2.8 billion) in the late 1980s, down from the peak of ¥ 1 trillion 
(US$4.7 billion) for 1981 (Kibune 1992a p 44). Coincident with this fall in investment 
has been a slowing of the rate of decline in energy intensity in the four industries 
examined here. 
The analysis below investigates the assumption that the structural and 
technological changes in these industries are driven by changes in the cost structures 
of Japanese producers as a result of energy price movements; and by changes in the 
international competitiveness of Japanese producers in increasingly open trading 
regimes. 
For each of the industries in this chapter, four aspects of energy consumption 
and energy efficiency are considered. Firstly, the strucUire of the industry is outlined, 
focusing on the main production processes and their roles in the industry. Secondly, 
the industry's energy consumption is broken down into energy consumption by 
production process. This clarifies the relative weight, in energy consumption terms, of 
the various production processes. Thirdly, structural changes within the industry are 
analysed by disaggregating the changing mix of outputs and inputs. Since all four of 
these industries are energy intensive, many of the production technology changes have 
brought improvements in the efficiency of energy use. This is tested in the fourth 
aspect, the changes in energy intensity of the main production processes and 
consequently the industry as a whole. Output value is important here as it is energy 
consumption divided by output value that is the most common economic definition of 
energy intensity. Any change in energy embodied in inputs is also picked up by 
looking at the input mix, allowing testing of the hypothesis that some of the 
improvement in direct energy efficiency of a particular process is due to use of inputs 
of higher energy content (more energy embodied in inputs), signaUing substitution of 
indirect for direct energy consumption. Analysis of change in the energy content of 
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production processes shows which particular processes in these industries have 
contributed the most to the industry's falling energy intensity. 
The case studies conclude with brief examination of the changing international 
competitiveness of each industry and consideration of the scope for introduction of 
energy-saving processes in the future. 
ENERGY INTENSITY IN THE IRON AND STEEL INDUSTRY 
The iron and steel industry is a major part of the manufacturing sector in Japan. The 
industry accounted for some 7.4 per cent of manufacturing output (in value terms) in 
1990, and for 28.5 per cent of final energy consumption in manufacturing. Chapter 4 
showed that overall, the steel industry showed a significant decline in energy intensity 
from 1973 to 1985. This decline, coupled with the industry's large but falhng share of 
output, accounted for some 40 per cent of the overall decline in the energy intensity 
of the manufacturing sector. Energy intensity in the steel industry rose slightly 
between 1985 and 1991, despite continuing technological advances. 
This increase in energy intensity in the late 1980s seems to contradict the 
technological developments that occurred in the industry. To understand the increase 
in energy intensity in the late 1980s, it is necessary to look carefully within the 
industry to analyse where energy efficiency gains have been made, how and why, and 
which processes have become more energy intensive. This is important because 
percentage gains in some parts of the total steelmaking process have less effect on the 
industry's total energy intensity than others. For example a five per cent improvement 
in energy efficiency in a process using only a few per cent of total energy will not have 
a great impact, while a five per cent improvement in a process using a large share of 
total energy will translate to a big overall intensity reduction. The small improvement 
in the energy efficiency of blast furnaces in the late 1970s, for example, made a 
significant contribution to industry energy efficiency gains in that period. Recent 
technological improvements in electric arc fumaces, however, have not had much 
impact on industry intensity levels. In assessing the causes of the changing pattem of 
energy intensity in the industry and in considering the ongoing competitiveness of the 
steel industry in Japan in energy efficiency terms, it is important to clarify the 
underlying structure of the industry. 
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There is some initial similarity between the iron and steel and aluminium 
industries. The first stage in the aluminium industry, production of raw ingots, is very 
energy intensive, and accounts for over 85 per cent of energy consumption in the 
industry. The first stage of the steel making process, production of pig iron, is also 
highly energy intensive, in absolute terms as well as relative to the later stages of steel 
production. Despite this similarity however, and despite both industries being very 
energy intensive, pig iron output from the domestic steel industry fell only around 
10 per cent through the 1980s and early 1990s. Aluminium ingot production, on the 
other hand, has virtually ceased in Japan. 
The analysis in this chapter asks a number of questions to clarify these quite 
different adjustment patterns. How has the Japanese steel industry managed to 
maintain a strong and viable industry from pig iron production through to finished 
steels? Why has production of pig iron not moved offshore like aluminium ingot 
production and is this likely to change? The analysis below begins with where in the 
iron and steel industry energy efficiency changes have taken place and how, before 
considering why. 
Iron and steel production processes 
Japan's integrated steel mills use two methods of steelmaking. Most steel is produced 
by reducing iron ore in a basic oxygen blast furnace (BOF) to make pig iron and then 
refining the pig iron to make steel. A steadily increasing amount of steel is produced 
using scrap iron and steel as inputs to electric arc furnaces (EAF). 
The processes and energy consumption rates are quite different. The blast 
furnace uses primary iron ores and coal as the main inputs to ironmaking, a very 
energy-intensive process. The EAF method uses scrap iron and steel with a high 
embodied energy content and thus has a much lower direct energy intensity. The two 
processes are described below. 
Blastfurnace steelmaking 
The raw material inputs into ironmaking are sinter and coal. Sinter is produced from a 
mixture of baked limestone and iron ore, and coal is converted to coke in a coke 
oven. The coke oven gas (COG) released in this process is recovered and used as fuel 
for boilers and electricity generation in later processing. The sinter and coke are 
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smelted in a blast furnace to reduce the iron ore to make liquid iron, and some of the 
gas released (blast furnace gas, BFG) is recovered for use later as with COG. 
Ironmaking (including sintering) is the most energy-intensive stage of steelmaking, 
consuming 73 per cent of the energy bought into an integrated steelworks, with the 
blast furnace alone consuming 57 per cent of total energy used (JISF 1990; Sangyo 
Kenkyujo [Industry Research Centre] 1990). 
Oxygen, scrap and other ingredients are added to the liquid iron in the basic 
oxygen furnace (BOF), where impurities are removed from the iron to produce steel 
in the form of slabs, blooms and billets for rolling. A high temperature gas (BOF gas) 
released in the basic oxygen fumace is recovered for use as an in-house fuel. The BOF 
process itself consumes a very small proportion (about 2 per cent) of the energy used 
in steel making. 
The steel slabs and blooms are shaped in either cold or hot rolhng processes 
into useable shapes like H and 1 beams, rods, bars and coils. In an integrated steel mill 
the hot rolling process consumes some 9 per cent and the cold rolling process 
accounts for some 6 per cent of the total energy used. 
The blast furnace-oxygen fumace steelmaking process consumes large 
amounts of raw materials and energy, with some 4.8 milHon kcal of raw energy 
required per tonne of steel produced (Nippon Tekko Renmei 1993). 
Electric arc furnace method 
Electric arc furnaces produce steel from pig iron and iron and steel scrap using high 
voltage/high current electric arcs. A growing share of crude steel (around 31 per cent 
in 1992) is produced from these fumaces, up from 22 per cent in 1973. The calorific 
direct energy intensity of this process (with IkWh of electricity equivalent to 
2250 kcal) is around 1.9 million kcal per tonne of crude steel, less than half that of the 
blast fumace-basic oxygen furnace process. 
The main inputs are ferrous scrap and electricity, with around 98 per cent of 
the scrap supplied from domestic sources. The proportion of imported scrap has been 
declining as more is derived from domestic sources, and Japan has recently become a 
net exporter of ferrous scrap. 
The EAF process is used to produce some of the more processed, higher 
quality steels, and with more of these being demanded, the overall energy intensity of 
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the process is increasing. The discussion below considers the impact on the overall 
energy intensity of the steel industry due to the increasing volume of steel produced in 
electric arc furnaces, and the increasing output of high quahty steels. 
Energy consumption in steelmaking processes 
While many of the steelmaking processes are energy intensive, it is blast furnace 
ironmaking that accounts for most of the energy consumption in the industry as a 
whole. Figure 6.1 shows the distribution of energy consumption by the main 
production stages. 
Figure 6.1 Energy consumption in coke, iron and steelmaking by process, 
1991 
total 966420 billion kcal 
others 
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Source: MITI, Tekkogyo Tokei Nenkan [Iron and Steel Industry Statistical 
Yearbook], 1991, p 130 combined with fuel calorific content 
conversion table in Appendix A. 
Iron and steelmaking generate substantial amounts of heat and useable exhaust 
gases, especially in the early stage processes that involve combustion of coal and 
coke. Significant energy savings have taken place by capturing and re-using this heat 
energy and combustible gases. To avoid double counting, energy statistics for the 
industr>' separate the initial inputs of energy, such as coal, coke and purchased 
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electricity, from the heat and electricity generated within the iron and steehnaking 
processes themselves. Chapter 3 noted the protocols adopted in Sogo Enerugii Tokei 
[General Energy Statistics] and the Sp-ucTural Surveys (where the main recovered 
energy source, coke oven gas (COG), is listed separately). A full energy balance table 
for the industry has been constructed and included in annual steel statistics since 1981, 
showing the use of primary energy and recovered energy by fuel by process. Table 6.1 
has been derived from the 1991 Iron and Steel Industry Statistical Yearbook (MITI) 
by taking the tables in that publication showing energy consumption (volume) by fuel 
by process and multiplying each energy source (including the recovered energy 
sources) by its calorific value. These calorific values are given in Appendix A. 
Table 6.1 Energy consumption by fuel by process, 1991 
(lO'^kcal) 
sintering coke iron ferro 
making making allovs 
BOF EAP forging rolling electricity others Total 
casting boilers 
Kerosene 
Light oil 
ABC heavy 
oil 
LPG 
Oil coke 
Coking coal 
Steaming 
coal 
Coke 
Tar 
Coke oven 
gas 
Blast 
furnace gas 
Oxygen 
furnace gas 
Electric arc 
furnace gas 
LNG 
Town gas 
Oxygen 
Electricity* 
Total 
0 
0 1 
0 
0 
1 
0 
0 
89 
2 
0 
47 
0 
2 
10 
78 
0 
49 
43 
0 
138 
116 
7 
939 
34 
0 
529 
82 
22 
160 
356 
31 
1965 
1 0 15 0 53 3 33 302 164 215 786 
0 214 41 8 0 13 0 0 0 2 278 
37 27918 989 0 0 0 0 0 0 0 28944 
569 0 3247 294 2 0 0 0 395 185 4692 
3149 18 24836 345 92 143 0 0 0 112 28695 
2 64 116 0 0 0 0 11 6 1 200 
76 1002 811 2 151 15 15 2151 636 308 5167 
3 1233 2409 0 0 0 0 125 2624 35 6429 
5 54 262 0 1 1 1 251 366 7 947 
1 0 0 6 0 0 0 0 4 0 11 
1 0 0 14 0 3 18 449 47 74 606 
0 1 1 0 1 15 3 128 31 83 262 
0 0 251 8 713 185 3 25 0 42 1227 
764 220 1055 897 739 3538 262 4464 284 3824 16046 
4610 30723 34123 1624 1764 4044 516 8969 5119 5150 96642 
Source: 
Note: 
Tekkogyo Tokei Nenkan [Iron and Steel Industry Statistical Yearbook], 
1991, p 130 combined with fuel calorific content conversion table in 
Appendix A. 
With an average thermal efficiency of 38 per cent for Japan in recent 
years, IkWh is equivalent to 2250 kcal {General Energy Statistics 
1992, p 16). 
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Table 6.1 shows the concentration of energy consumption in a few parts of the 
iron and steel industry, notably in cokemaking, ironmaking and rolling of crude steel. 
Coal and electricity are the main sources of energy. These data are combined with 
output data later in this section to determine changes in energy intensities for the 
various components of the iron and steel industry. 
Three of the energy sources in Table 6.1 are combustible gases recovered 
from parts of the production process — coke ovens (COG), blast furnaces (BFG) and 
basic oxygen fumaces (BOF gas) — which are used in heating and electricity 
generation. These gases are fairly low in calorific content (at 4,800 kcal/m\ 
800 k c a l W and 2,000 kcal/m^ respectively), though the large volumes at steady rates 
of supply cumulate to a significant source of energy. Total energy equivalent was 
some 12,543 x 10^° kcal in 1991, approximately 13 per cent of total energy consumed 
in the industry (where here the industry includes coke-making as this is the source of 
COG). The main energy recovery process in EAFs is use of waste heat to pre-heat the 
scrap before smelting. 
In addition to the capture and re-use of these gases, two other energy 
recovery processes are also particularly important. The first, Top-pressure Recovery 
Turbines (TRT), taps the high pressure exhaust gas from blast fumaces to generate 
electricity. Each unit has an output of 10,000 to 20,000 kW, and since all blast 
fumaces use the units, total electricity generated by the units is around 3 billion kWh 
per year, or 8 per cent of the electricity used by Japan's steelworks. 
The second. Coke Dry Quenching (CDQ) makes use of the heat derived from 
the cooling of coke produced in coke ovens. This heat used to be removed with 
water, but the CDQ technology recovers the heat as steam, using the steam to preheat 
coking coal and generate electricity. The energy in the steam recovered from a ton of 
coal is equivalent to 36 litres of oil, and with CDQ equipment installed in 34 of 
Japan's coke ovens (over 70 per cent of the coke ovens in the industry), this amounts 
to a significant energy source (Nippon Tekko Renmei 1991). Combined with TRT, 
some 2,760,000 kiloHtres of oil equivalent (kloe), or 5 per cent of steel industry 
energy consumption, is derived from these sources. 
The iron and steel industry is a major generator of electricity with in-house 
generated electricity in 1991 totalUng 20,337 miUion kWh from a combination of 
recovered gases and purchased fuels. An additional 54,407 milhon kWh of electricity 
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was purchased, around half from jointly owned plants, and 5,726 million kWh was 
sold back to the grid (Tekkogyo TokeiNenkan (MITI) 1991 p 130). 
This points to some key differences with the aluminium refining industry. The 
steel industry is much more self-sufficient in energy in the later stage (post-
ironmaking) processes. Relative to aluminium ingot production it has a much higher 
rate of primary energy use, a higher rate of recovery and re-use of primary energy and 
lower level of bought-in electricity (secondary energy), all of which contribute to 
keeping direct energy costs down. 
Changes in steel output: intra-industry structural change 
As the first step in identifying intra-industry structural change, the levels of output of 
the main processes for 1973, 1980, 1985 and 1991 are summarised in Table 6.2, 
below. The table shows the changing composition of output from the steel industry, 
and provides details masked by the aggregated data. 
Table 6.2 Iron and steel output by process 
(1000 tonnes) 
1973 1980 1985 1991 
Pig iron 90007 87041 80569 79985 
Ferro alloy 2035 1866 1389 1192 
Crude steel 119322 111395 105279 109649 
ordinary steel 105935 94452 85031 89564 
special steel 13386 16943 20247 20085 
BOF 96057 84150 74776 75217 
EAF 21416 27245 30503 34432 
Ordinary hot 92574 88888 82731 87892 
rolled 
Ordinar>' cold na 25433 26916 30411 
rolled 
Special hot na 12872 na 16808 
rolled 4626 Special cold na na na 
rolled 
na: not available 
Source: Tekkogyo Tokei Nenkan [Iron and Steel Industry Statistical Yearbook], 
1991p 9, 1985 p l l , 1 9 8 0 p l l , 1 9 7 3 p l 3 . 
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Table 6.2 shows the growth in output of the higher value-added specialty 
steels. Output from EAFs has increased 61 per cent over the 1973-1991 period, while 
output from BOFs declined by 22 per cent. Also important in energy efficiency terms 
is the rising output of cold-rolled steels. 
For structural change purposes, looking at the changing shares of output of 
the various processes relative to total output gives a clearer picture of the fastest 
growing parts of the industry. The data in Table 6.3 were derived by dividing the 
output volume data shown in Table 6.2 by the value of total crude steel output. 
Table 6.3 Share of output (by process) relative to crude steel output 
1973 1980 1985 1991 
Pig iron 0.75 0.78 0.77 0.73 
Ferroalloy 0.02 0.02 0.01 0.01 
Ordinary steel 0.89 0.85 0.81 0.82 
Special steel 0.11 0.15 0.19 0.18 
BOF 0.81 0.76 0.71 0.69 
EAF 0.18 0.24 0.29 0.31 
Ordinary hot rolled 0.78 0.80 0.79 0.80 
Ordinary cold rolled na 0.23 0.26 0.28 
Crude steel production 119322 111395 105586 109649 
Source: As for Table 6.2. Share of output = volume of process output / volume of 
crude steel production. 
The falls in pig iron output and BOF output relative to crude steel output 
reflect the shift to electric arc fumaces — output from which has been rising. The 
steady shift towards greater production of special steels, embodying more processing, 
is seen in the increasing shares of output of special steels and cold rolled steels. In 
contrast, while the level of output of energy-intensive ferroalloys is often referred to 
in the industry literature as rising steadily (see, for example, Nippon Tekko Renmei 
[Japan Iron and Steel Federation] 1988 p 206), the data above shows that the share of 
production relative to crude steel output has acmally fallen slightly. 
Changing energy intensity in steelmaking 
The energy intensity of the industry as a whole fell steadily after the first oil shock 
until the mid 1980s (Figure 6.2). In 1973, the Japanese steelmaking processes 
(excluding coke production) averaged 5,400 kcal/tonne of crude steel production 
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(Figure 6.2). Data from the Nippon Tekko Renmei in an internal report in 1993 
suggests that energy intensity peaked at 5,900 kcal/tonne in 1975, and then declined 
steadily until 1984-85. In the late 1980s and early 1990s aggregate intensity for the 
industry has changed litde, fluctuating around 4,700-4,800 kcal/tonne. 
Figure 6.2 Nominal energy intensity, crude steel production (excluding coke-making) 
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Source: Internal documents provided by Nippon Tekko Renmei [Japan Iron 
and Steel Federation], 1993. 
The energy intensity level for the industry as a whole in 1991 was 
4,850 kcal/tonne of crude steel, one of the lowest energy intensities for steel in the 
world (International Energy Agency (IEA) 1991 p 55). 
As the industry comprises a number of distinct processes, in assessing the 
impact of intra-industry structural change and technological change on the industry's 
energy intensity it is important to define which of those processes have become less 
energy intensive. 
Table 6.4 Energy intensities of main steel-making processes 
b kcal/ktonne 
1973 1981 1985 1991 
Pig iron 
Ferroalloy 
Crude steel 
BOF 
EAF 
4.28 
17.01 
0.37 
0.13 
2.27 
4.10 
15.31 
0.47 
0.18 
1.93 
4.16 
14.78 
0.50 
0.19 
1.82 
4.27 
13.62 
0.53 
0.20 
2.01 
Source: Tables 6.1 and 6.2, drawn from Tekkogyo Tokei Nenkan. 
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In deriving Table 6.4 and Figure 6.3, the energy consumption of the main 
processes shown in Table 6.1 has been divided by the volume of outputs of the 
various processes shown in Table 6.2 to give a measure of the direct energy intensity 
of the processes. Some processes are far less energy-intensive than others, so to help 
comparison the raw data in Table 6.4 have been scaled in Figure 6.3, with 1973 the 
base year. 
Charting this over the 1973-1991 period (Table 6.4 and Figure 6.3) shows that 
while the overall energy intensity of crude steel production has increased (consistent 
with the results of Chapters 4 and 5), the energy intensities of some steel industry 
processes has declined. Figure 6.3, below, takes the data from Table 6.4, above, and 
sets 1973 values to 100 for each of the processes so trends in energy intensity are 
easier to compare. 
Figure 6.3 Iron and steel industry energy intensity by process 
1973=100 
1973 1981 1985 1991 
-D 
BOF 
— crude steel 
• pig iron 
o EAF 
ferro alloy 
Source: Tables 6.1 and 6.2, drawn from Tekkogyo Tokei Nenkan (various 
issues) (data in Table 6.4 standardised to 1973=100). 
The results shown in Table 6.4 and Figure 6.3 are consistent with those of 
Onozaki (1990). Figure 6.3 shows that while the energy intensity of pig iron 
production feU between 1973 and 1981, there has been no overall improvement in 
since 1981. This is important as this process is by far the most energy intensive in the 
steel industry. It is the energy intensity of blast furnace operations (ironmaking) which 
IS the main determining factor in the industry's energy intensity. The absence of 
improvement in energy efficiency at this stage of the steel production process during 
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the 1980s translated to no large efficiency gains in the industry overall in this period. 
Blast furnace operations account for over 53 per cent of total steel energy 
consumption, and the flat trend in energy intensity seen in Figure 6.3 had a major 
influence on holding overall intensity at current levels. Small improvements in other 
processes have not had much of an effect on the net energy intensity of crude steel 
production. 
The figure shows the significant increase in the energy intensity of the BOF 
process from 0.13 billion kcal/tonne in 1973 to 0.20 billion kcal/tonne in 1991, also 
contributing to the small net energy intensity increase of crude steel production. While 
the increase in energy intensity in the BOF process is quite large, the process itself 
accounts for only 2 per cent of energy consumption in an integrated steelworks and so 
has a smaU impact on overall intensity levels. 
The recent increase in intensity of the EAF process is noteworthy, and is 
attributable to higher qualities of steel being produced (Onozaki 1990; JISF 1993). 
Secondar)' refining is increasing, especially in the EAFs. While this process requires 
considerable amounts of electricity, and a steady source of iron scrap, advances in 
technology such as direct current electric arc furnaces that reduce the amount of 
electricity needed, and bottom-tapping furnaces that reduce waste have the potential 
to offset the trend towards increasing energy intensity (JISF 1993 p 15). 
A number of factors have contributed to the gradually rising energy consumption and 
energy intensity levels observed in the iron and steel industry in the mid 1980s. These 
include the increases in energy intensities in the BOF process due to higher quality 
output, more secondary processing, more electro plating and greater degrees of 
rolling, especially cold rolling (Onozaki 1990 p 26). 
Offsetting these trends, the direct energy intensity of ferro-alloy production 
has fallen, mainly due to an increase in imports of ferro-sihcon, siUcon chrome and 
calcium sihcon following a loss of competitiveness in these electricity-intensive 
products after the electricity price rises during the second oil shock (Onozaki 1990). 
Imports have come primarily from South America, China and Norway. 
Onozaki also suppUes data for rolling and processing, sintering and casting, 
with the former decreasing in intensity since 1981 and the latter two increasing, 
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though these are also only small users of energy. Most of the recent increase in energy 
consumption levels and energy intensities is due to increasing coal use in ironmaking. 
The use of the pulverised coal injection (PCI) technology in ironmaking is 
deemed to be energy saving in the strict technological (engineering) sense (JISF 1993 
p 15). The diffusion of coal based technology and the shift from oil to coal, however, 
seems to be linked to a (calorie-base) rise in energy intensity. The PCI process 
involves injecting crushed (pov^dered) coal into the blast fumace acting both as a fuel 
and reducing agent. The increased coal use in blast furnaces arising from the use of 
this technology is pushing up energy intensity. Using more coal in blast fumaces is 
also attractive as it boosts the levels of blast furnace gas (BFG) which is recovered for 
use later (Onozaki 1990 p 36). 
Evidence for the apparent hnk between increasing coal use and the late 1980s 
period flattening of the energy intensity curve comes from the big jump in coal use in 
blast fumaces. Most coal used in the industry is consumed in coke production. Coking 
coal consumption almost doubled in the 1980s from 25.9 million tonnes in 1981 to 
43.5 million tonnes in 1991 ijekkogyo Tokei Nenkan 1981, 1991). Consumption of 
coal in steelmaking (post cokemaking), however, rose much more rapidly, over 
15-fold over the same period, with the introduction of PCI technologies. 
In 1987, excluding cokemaking, a total of 3.1 million tonnes of coking and 
steaming coal was used by the industry in steelmaking, up from 1.7 million tonnes in 
1985 and 0.5 million tonnes in 1981. By 1991 coal consumption in steelmaking had 
reached 8.4 million tonnes. The biggest increase was in the late 1980s and most of this 
increase (over two thirds) was due to demand induced from feeding coal into blast 
furnaces through the use and diffusion of the PCI technology {Tekkogyo Tokei 
Nenkan 1991 p 14). Coal use in blast fumaces increased from 2.4 million tonnes in 
1988 to 6.2 milhon tonnes in 1991, almost tripling in three years. This is particularly 
significant as blast fumaces account for over half of aU steel industry energy 
consumption (on a calorie base) so change here had a big effect on net energy 
consumption levels and on overall energy intensity. 
In 1987 19 plants were using PCI technology, and this had increased to 27 out 
of 33 plants by 1992. The consequence has been an increase in the coal requirement 
per tonne of pig iron from 29.9 kg/t in 1988 to 77.5 kg/t in 1991 (JISF 1993 p 15). 
The data indicates that there has not been a corresponding decrease in oil 
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consumption levels or in the intensity of oil use. The switch out of oil was virtually 
complete by 1986, when oil consumption fell to 1,800 million litres, from 
13,815 million litres in 1973. Oil use has risen slightly since 1986 and stabilised in 
recent years at 2,100 million litres. This corresponds to a switch from oil meeting 
21 per cent of energy requirements in 1973 to just over 7 per cent in 1991. Around 
10 per cent of the oil currently being consumed by the industry is used in blast 
furnaces. 
The rise in the volume of coal consumption is larger in oil-equivalent terms 
than this fall in oil consumption. This suggests that introduction of the PCI technology 
has brought a bigger increase in coal consumption than a simple switch from one fuel 
to the other would require. 
Compensating somewhat for these factors pushing up energy intensity, 
diffusion of energy-saving technology has continued, particularly in capture and re-use 
of by-product gases. Some new technologies in the steel industry have dispersed 
rapidly. 
In 1978 12 steelworks used TRT equipment and this had jumped to 35 by 
1982 and 37 (saturation) in 1986, less than ten years. CDQ technology has dispersed 
more slowly, and was in place in 9 steelworks in 1978, 23 in 1982, and 34 in 1991 
(almost saturation) (Nippon Tekko Renmei 1988 p 227, 1991 p 39). Together these 
energy-recovery technologies yielded the equivalent of 2.7 million kloe in 1992 (JISF 
1993 p 13). Scrap pre-heaters for EAFs were also taken up rapidly through the 
industry, rising from 1 in 1978 to 31 four years later and 55 (almost saturation) in 
1987 (Nippon Tekko Renmei 1988 p 227). 
From an energy perspective, continuous casting has been the most important 
processing technology to be implemented through the industry. In 1990 some 
90 per cent of steel mills were using continuous casting processes (JISF 1990). 
Overall, these readily-installable technologies dispersed through the industry in the 
1980s, and there was little further room for their adoption in the early 1990s 
(Sagawa 1991; Fujime 1989). The next round of energy-saving innovations are 
predicted to come from the new generation of technologies like direct casting 
(Sagawa 1991 p 19). 
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Global competitiveness 
The Japanese steel industry is one of the most energy efficient in the world. Its closest 
competitor is Germany which is uses some 10 per cent more energy per tonne of 
crude steel (JISF 1990). The United States uses, on average, around 40 per cent more 
energy per tonne than Japan. 
In using primary energy sources rather than electricity, except in EAFs, the 
Japanese steel industry purchases energy raw materials from world energy markets. 
While energy costs are high in the industry, they are not as high in proportion to total 
costs as in other industries, like aluminium refining, and Japan's competitors face 
higher relative energy costs through less energy efficient processes. Japan's industry 
has a high level of self-generated electricity — electricity generated within steel mills 
from captured waste heat. This source accounts for almost one-third of the industry's 
electricity needs, a structural feature which cuts costs and aids competitiveness. 
The Japanese industry has invested heavily in, and borne the cost of, pollution 
control and energy saving measures. The cumulative total cost of environmental 
control measures since 1972 is ¥1,400 bilhon, comprising 10 per cent of total 
investment in iron and steel industry plant and equipment in the industry in this period 
(JISF 1990 p 29). Annual levels of investment in these control measures peaked in 
1976 at ¥280 billion, and stayed fairly stable at around ¥20 bilhon in the late 1980s. 
Energy efficiency investments occurred later, with some ¥1,300 billion invested since 
1979, amounting to 20 per cent of total industry plant and equipment investment costs 
in that period. The peak years followed the second oil shock, with levels in 1981-83 
over ¥200 bilhon per year. In the late 1980s this fell to around ¥80 biUion per year 
(JISF 1990 p 29). Japan's coke ovens are now quite old, 20 years old on average, with 
only 9 out of 58 less than 15 years old. There is thus scope for major industry-wide 
energy efficiency gains as these are replaced (Sangyo Kenkyujo 1990 p 143). The next 
generation of technology focuses on direct reduction and other radically different 
technologies for ironmaking hke Austraha's ISASmelt process. 
While the Japanese steel industry remains very competitive in world terms, 
some components of the industry are vulnerable to international competition. For 
example imports of electricity-intensive ferro-alloys increased through the late 1980s. 
Ferro-alloys are electricity intensive, and production faces similar pressures to the 
aluminium refining industry, with its competitiveness reduced by the high cost of 
193 
electricity in Japan (discussed in Chapter 7). This is despite the energy and electricity 
efficiency (in the engineering sense) of these processes being high by world standards. 
Crude steel was not imported in significant quantities in 1991, with the 
integrated steel mills in Japan not being suited for compartmentahsation of production 
and substitution of one domestically produced steel ingredient by imports. Pig iron 
imports remained around 3 milhon tonnes/year in the 1980s and early 1990s years, 
import levels varying with crude steel output levels and dropping in years of lower 
final demand. There was no trend in the late 1980s or early 1990s towards increasing 
pig iron imports to substitute for domestically produced pig iron (Tekkogyo Tokei 
Nenkan 1991, JISF 1993). 
The volume of imports of scrap iron have been increasing with the increasing 
levels of output from EAFs, which use iron scrap as a main input (Nippon Tekko 
Renmei 1992 p 3). Japan has become a net exporter of scrap in recent years as 
domestic supplies have also increased. 
Japan's steel industry itself was confident in 1993 that the energy-intensive 
components of it would not be shipped offshore along the hnes of the aluminium 
refining industry. The need for tight quality control for domestic consumers and rising 
demand for higher quality steels ensure that a close relationship with buyers is 
necessary, and the industry believes that this close relationship and tight quality 
control is not possible with imported steels (JISF interviews, June 1993). 
The analysis in this section has highlighted the developments in production 
technologies and energy consumption patterns in the iron and steel industry between 
1973 and 1991, and in particular the high level of capture and re-use of by-product 
energy by later stage processes. One part of the steel industry, the blast furnace, 
accounts for over half the industry's energy consumption. It is energy intensity 
improvements in the energy-intensive processes within the industry which have led to 
significant improvement in the net energy intensity of the steel industry. Without such 
improvements, as was the case for the last decade or so, the industry's energy 
intensity has not decreased, but stabiUsed. The data above showed that the trends 
towards greater processing of specialty steels has been one of a number of factors 
pushing net industry energy intensity up. 
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The industry is not excessively vulnerable to high costs of electricity, as 
around one-third of its electricity is generated in-house, and most of the energy 
purchased by the industry is primary energy rather than more expensive electricity. 
Coal has replaced oil in most processes as the main primary energy source, though 
this increase in coal use seems to have brought a net increase in energy intensity as it 
has not been a kilocalorie-neutral switch from one fuel (oil) to another (coal). 
Earlier chapters indicated that the major cause of the steel industry's 
contribution to Japan's overall energy intensity dechne was first technological change 
immediately after 1973, followed by dechning share of steel industry in total output in 
the 1980s. The results in this section have confu-med the trend noted in Chapters 4 
and 5 of the energy intensity in the industry beginning to rise in the mid 1980s. This 
increase in the net energy intensity of the steel industry was due mainly to greater 
downstream processing as well as a switch from oil to coal as the main primary 
energy source. While output levels have remained high, the share of gross output 
attributable to the steel industry has continued to shrink, and this has been the main 
factor behind the industry's continuing contribution to Japan's overall energy intensity 
decline. 
ENERGY INTENSITY IN THE ALUMINIUM SMELTING INDUSTRY 
The Japanese aluminium smelting industry was hit hard by the first oil shock, by both 
the sharp rise in oil prices, which translated directly into much higher energy costs, 
and the downturn in domestic fmal demand for aluminium products. Significant 
changes in the intemational market for aluminium ingots, coupled with the high 
domestic energy costs, made Japan's domestic aluminium smelting industry 
internationally uncompetitive, despite having production technologies as energy 
efficient as its competitors (Samuels 1983 p 495). The main consequence of this loss 
of competitiveness was the virtual scrapping of the industry in Japan by the late 
1980s, only a decade after productive capacity reached its peak. 
The aluminium industry as a whole forms the bulk of the non-ferrous metals 
sector in Japan. Output from the sector has remained strong through the industry's 
restructuring. The value of aggregate output of the non-ferrous metals sector shows 
no significant change in real terms between 1975 and 1985, the period of greatest 
adjustment in the aluminium smelting industry. Total output of the non-ferrous metals 
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sector as measured by input-output tables was ¥4 .54 trillion (US$14 billion) in 1975, 
¥6 .22 triUion in 1980 and ¥6 .29 triUion (US$25 billion) in 1985. The industry's share 
of GDP in real terms has declined slightly, from 0.99 per cent in 1975 to 0.84 per cent 
in 1990. 
Beneath the steady overall output levels were significant changes in the 
structure of the sector. The overall energy intensity of the sector, in terms of direct 
energy input per unit value of output, fell by 58 per cent between 1973 and 1990, and 
by some 40 per cent in real value-added terms. Chapter 4 showed that this declining 
energy intensity in the sector accounted for 3 per cent of the decline in Japan's overall 
energy intensity between 1973 and 1991. The sector's share of overall energy 
intensity change was due to energy intensity change within the sector stemming from 
the fall in domestic production of ingots. This corresponds to a shift in the industry's 
energy consumption profile from consumption of primary inputs — raw materials and 
direct energy — to consumption of semi-processed inputs — aluminium ingots and 
indirect energy. 
The aluminium industr>' itself comprises three components: alumina 
production; aluminium smelting; and rolling and processing. The extent of 
restructuring has varied within the industry. While the aluminium smelting component 
of the industry has all but disappeared in Japan, the two other components of the 
industry have maintained relatively high levels of production. Japan is still producing 
quite significant amounts of alumina, mostly for export, and is processing aluminium 
ingots for domestic demand. This chapter argues that it is the energy intensity, and in 
particular the high electricity intensity, in the aluminium smelting component of the 
industry which combined with the changes in the intemational ingot market to force 
such a substantial restructuring of that component of the industry in Japan. 
Following a description of aluminium production processes and the energy 
consumption aspects of these, this section considers the main reasons behind this 
dramatic structural adjustment. Four key reasons for the timing and extent of the 
adjustments are suggested. The section then looks at the energy implications, at the 
impact on Japan's energy budget of the shutdown of the aluminium smelting (ingot 
producing) component of the aluminium industry. Finally, the impact on Japan's 
overall energy balances of imports of ingots is considered at the end of the section. 
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with an indication of the scale of substitution between direct energy import (fuels for 
smelting alumina) and indirect energy imports (energy embodied in imported ingots). 
Aluminium production processes 
The aluminium industry has three distinct components. Firstly, bauxite is processed 
into alumina. The alumina is then smelted into aluminium ingots. Finally, the ingots 
are rolled and processed into finished aluminium products. The finished products 
include window sashes and sheets, tubes and diecast aluminium for stamping. 
Table 6.5 Quantities of main inputs for production of 1 tonne of aluminium 
ingots in Japan (average technology in mid 1980s) 
Alumina production: 1 tonne of aluminium ingots requires: 
Bauxite 4.457 tonnes Alumina 1.921 tonnes 
Caustic soda 0.188 tonnes Cryolite 0.001 tonnes 
Heavy oil 209 htres Recovered cryolite 0.015 tonnes 
Electricity 463 kWh Aluminium fluoride 0.028 tonnes 
Anode 0.527 tonnes 
yields Baked coke 0.390 tonnes 
Pitch 0.129 tonnes 
Alumina 1.921 tonnes Cathode carbon 0.006 tonnes 
Electricity 15,317 kWh 
(electrolysis only 14,079 kWh) 
Source: Ogawa 1990, p 50. 
The energy inputs into the alumina and smelting processes are predominantiy 
in the form of electricity. Each tonne of aluminium ingots requires some 15,700 kWh 
of electricity, and an additional 209 litres of oil. There is not the same mix of energy 
inputs used in the steel industry, and consequently there is less scope for fuel 
substitution. This narrow range of energy sources also shows there is littie use made 
of re-captured energy in these first two components of the industry. Most of the 
inputs are in the form of primary materials, with few secondary material inputs there is 
littie room for reducing direct energy consumption in these processes by inputting 
more highly processed materials. 
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The Japanese rolling and processing component of the industry is separate from the 
smelting component and is a highly competitive industry with a number of firms in the 
market (Tanaka 1988 p 456). Firms source the cheapest available aluminium ingots, 
leaving little room within the domestic aluminium industry as a whole for cross-
subsidisation between the upstream and downstream components of the industry, even 
within keiretsu groups (Tanaka 1988 pp 456-457). This facet of the organisation of 
the Japanese aluminium industry has mitigated against the kind of vertical integration 
used successfully overseas to weather changes in structure of the global aluminium 
market. The firms still internationally competitive that are based in the United States, 
Canada and Australia are highly vertically integrated (Tanaka 1988 p 455). 
The rolHng and processing end of the industry is in a much less vulnerable 
position and has remained more internationally competitive than the smelting 
component, not only because of its lower energy intensity, but because its products 
are highly differentiated and production is usually located close to end users. This 
requirement makes this component of the industry less vulnerable to cheaper imports. 
Ingots, in contrast, are largely uniform, and are increasingly being processed close to 
sources of either energy raw materials or bauxite, or both. 
This separation of components within the industry may well have been partly 
responsible for the over-extension of the scale of smelting capacity in Japan (Tanaka 
1988 p 456). Barriers into smelting were not as high as in the highly competitive and 
differentiated rolling and processing component. Intra-industry competition and the 
consequent threat of entry by rolling and processing fums into the smelting market 
was also a factor in the run-up of unmanageable refinery capacity levels in the late 
1970s (Tanaka 1988 p 456). Tanaka argues that the smelting firms built up smelting 
capacity as a 'defensive measure' to keep the downstream furns from entering the 
smelting process. Tanaka also suggests that the build-up was exacerbated by a 
'misreading of the economic environment' by the smelting firms (Tanaka 1988 p 455). 
The mechanics of the decline of the industry have been well documented by 
Samuels (1983) and more recently by Sheard (1987) and Tanaka (1988) and are 
summarised later in this section. 
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Energy consumption in aluminium production 
Electricity is the major energy source in the aluminium industry, and Figure 6.4 shows 
the amount of electricity consumed by the main components of the industry before 
and after the restructuring. 
Figure 6.4 Electricity consumption by aluminium industry component 
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In 1973 electricity consumption in primary ingot production accounted for 
91 per cent of the industry's electricity consumption. By 1986, with the fall in ingot 
production levels, this proportion had fallen to 51 per cent. The disparity in energy 
intensity of the three components highlights the importance of the ingot production 
process in determining the industry's energy intensity. Output and energy 
consumption data pubhshed by the Nihon Arumi Kyokai [Japan Aluminium 
Association] indicate that the energy intensity of alumina production increased from 
0.656 milUon kcal/tonne in 1974 to 1.25 miUion kcal/tonne in 1991. The energy 
intensity of the ingot production process rose slightly from 36.5 milHon kcaVtonne in 
1974 to 37.2 million kcal/tonne in 1986. In contrast, the energy intensity of the rolUng 
and processing component feU slighdy from 2.82 milUon kcaVtonne in 1974 to 2.60 
million kcal/tonne in 1991. 
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This energy intensity of the rolling and processing component of the industry 
is around 1/14 that of the smelting industry, and its electricity intensity of 1,155 
kWh/tonne is around 1/10 the electricity intensity of the smelting process (15,000 
kWh/tonne). In contrast to the earlier production stages, output from the rolling and 
processing sector continues to grow, with domestic consumption of ingots and output 
of finished aluminium steadily rising. 
The limited amount of primary energy consumed in the aluminium industry 
reduces the scope for fuel substitution and also results in much less recovery of by-
product energy than in the steel mdustry, except in the rolling and processing stages. 
There is thus no energy balance table as in the steel industry. 
Intra-industry structural change 
The Japanese aluminium industry underwent major structural change in the 20 years 
since the first oil shock. All three parts of the industry — alumina production, 
smelting and rolling and processing, were affected, but the most dramatic change was 
in the smelting component. 
Domestic demand for aluminium products boomed in Japan from the mid 
1950s, on the back of rapidly expanding use of the light metal in the construction 
industry. Between 1960 and 1973 demand for aluminium products rose tenfold, from 
209,333 to 1,994,054 tonnes (Shigen Tokei Geppo [Resource Statistics Monthly] 
(MITI), various issues). To meet this demand, the domestic smelting industry also 
grew very rapidly, particularly from the mid 1960s, with production of ingots abnost 
trebling from 400,000 tonnes in 1967 to its first peak of just over 1.1 million tonnes in 
1974, before the downturn following the first oil crisis (Shigen Tokei Geppo). 
Production recovered in the late 1970s, reaching almost 1.2 milhon tonnes in 1977 
(Figure 6.5). 
The figure indicates that while output peaked in 1974 and then again in 1977, 
productive capacity peaked later, at over 1.6 million tonnes in 1979, following 
construction of capacity planned in the early 1970s, and expectations of recovery in 
growth in the late 1970s (Samuels 1983; Tanaka 1988). From the late 1970s domestic 
production of primary ingots fell in three stages, ending at around 35,000 tonnes per 
year from just one refinery, while imports of ingots rose equally sharply from 
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694,000 tonnes in 1979 to 2,617,000 tonnes in 1991 {Shigen Tokei Geppo 1980 p 6, 
1992 p 7). 
Figure 6.5 Japanese aluminium ingot production and production capacity 
Source: From Ogawa 1990 p 51. 
This period has also seen a steady increase in production of high quality 
aluminium ingots, from 2,970 tonnes in 1975 to 19,983 tonnes in 1991 {Keikinzoku 
Tokei Nenkan [Light Metals Statistical Yearbook], Keikinzoku Kyokai [Japan Light 
Metals Association] 1977 p 8, and 1991 p 9). 
Figure 6.6 shows the replacement of domestic production of primary ingots 
with imports. Figure 6.7 shows the main sources and volumes of imports. The switch 
from domestic production to import of ingots in the late 1980s is clear from Figure 
6.6. Domestic production fell rapidly in two main stages to the current level of around 
32,000 tonnes of primary ingots. Imports have risen steadily to meet continuing high 
levels of domestic demand for primary ingots. There has been little export of ingots 
from Japan, most domestic production being fed into domestic rolhng and processing. 
Output of secondary (recycled) aluminium ingots has also increased steadily, 
from around 500,000 tonnes in 1974 to a steady 800,000 tonnes in the early 1980s. In 
the late 1980s output began rising again, and topped 1 million tonnes in 1990. 
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Figure 6.6 Aluminium ingot production, imports and consumption 
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Source: Keikinzoku Tokei Nenkan [Light Metals Statistical Yearbook], 1974, 
1984 and 1991. 
Australia and the United States have been among the biggest beneficiaries of 
this increase in demand for imported ingots. The two suppliers account for around 
half of Japan's ingot imports (Figure 6.7). 
Figure 6.7 Main sources of imported aluminium ingots 
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Source: As for Figure 6.6. 
While ingot production has shrunk, alumina production has not fallen as far or 
as fast as primary ingot production and remained around 420,000 tonnes in the late 
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1980s-early 1990s, down from the peak of 1.9 milUon tonnes in 1980. In 1991 
2 million tonnes of bauxite were imported and were refined in Japan to 438,000 
tonnes of alumina. Over 50 per cent of this was exported and the remainder, 
approximately 180,000 tonnes, consumed in domestic production of aluminium 
ingots. The restructuring of the industry had a major effect on the electricity-intensive 
ingot-producing component and a much lesser effect on the less electricity-intensive 
alumina producing component. 
This observation holds further down the production stream as well, where the 
industry becomes very diverse. Figure 6.8 shows the steady rise in output of mill 
products. 
Figure 6.8 Output of mill products 
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Mill products are one of the outputs from the rolling and processing 
component of the aluminium industry and Figure 6.8 shows that this component of the 
industry in Japan has also remained strong, with the volume of output doubling since 
1978. 
The following section addresses the impact, in energy terms, of the industry's 
restructuring, in particular the impact of the shift from locally produced to imported 
ingots. 
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Change in direct and indirect energy intensities 
The most efficient electrolysing technology in Japan in 1990 produced refined 
aluminium at around 13,000 kWh per tonne of primary ingots (Ogawa 1990). While 
this technology is more energy efficient than the average of around 14,000 kWh per 
tonne, it is only a small improvement. Energy related technological change has not 
occurred in the primary ingot smelting process, despite the shedding of capacity. The 
smelting plant that is left is only 5-8 per cent more energy efficient than the average of 
the capacity shed since the late 1970s {Keikinzoku Tokei Nenkan 1992 p 86-87). 
The increasing volume of ingot imports represents a significant volume of 
embodied energy. Using customs cleared data {Shigen Tokei Geppo 1991 p 7), in 
1991 Japan imported 2,516,561 tonnes of primary aluminium ingots, with 
2,348,463 tonnes consumed and the balance added to stockpiles. Using the 
technology described above, importing this volume of ingots rather than producing it 
domestically means a saving in Japan's energy consumption of 3.971x10^° kWh, or 
8,935x10^° kcal. This amount of energy is double the 1991 level of actual energy 
consumption for the non-ferrous metals sector, and is about 6 per cent of 
manufacturing energy consumption. The sourcing of ingots offshore has thus had a 
significant impact in reducing Japan's energy consumption levels. As this is the most 
energy-intensive part of the aluminium industry (in output and value terms), this shift 
to imports has been the core of the contribution of this industry to change in Japan's 
aggregate energy intensity level. 
In value terms, using output data from the Census of Manufactures and 
energy consumption data from General Energy Statistics as in Chapter 4, the energy 
intensity of the non-ferrous metals sector has fallen from 6.91 kcal/¥ in 1973 to 
6.49 kcal/¥ in 1991. Chapters 4 and 5 showed that energy intensity decline in this 
sector accounted for some 3.5 per cent of Japan's overall decline in energy intensity. 
Causal factors and adjustment mechanisms in aluminium industry 
restructuring 
The virtual elimination of the domestic ingot smelting component of the aluminium 
industry was a result of four main factors occurring in the 1970s which combined to 
dramatically reduce the international competitiveness of the Japanese plants. Firstly, 
energy costs, and electricity costs in particular, had always been high in Japan relative 
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to its competitors, but the major jumps in electricity prices in 1974 and 1979 placed 
the energy cost structure of the Japanese plants out of the league of its intemational 
competitors. 
At the same time, the world market for aluminium ingots underwent major 
changes, with new producers in developing countries forcing the break-up of the 
cartel-like structure of the major US, Canadian and European producers, resulting in 
the formation of an open spot market and trading in futures for aluminium ingots. 
Thirdly, the Japanese aluminium industry did not have the same kind of vertical 
integration joining smelting and processing firms seen in many of the firms which 
remain competitive in other countries. Finally, and also stemming from the structure 
of the industry in Japan, intra-industry competition in Japan contributed to building 
excessive supply capacity and to the rapid rise in consumption of imported ingots in 
favour of the more costly domestic product. 
Energy costs 
Aluminium smelting technology in Japan in the 1970s was amongst the most energy 
efficient in the world (Samuels 1983), though the high cost of electricity was a major 
impediment to maintaining the industry's intemational competitiveness. As noted in 
Chapter 1, and covered in more detail in Chapter 7, Japanese electricity generation is 
still highly dependent on oil as a fuel source, but was even more so in the 1970s with 
some 62 per cent generated from oil fired power stations in 1975. This high 
dependence on oil as a primary fuel source meant that the sharp oil price rises in 1973 
and 1979 flowed through into higher electricity prices, which jumped over 66 per cent 
between 1973 and 1974 and over 55 per cent in real terms between 1979 and 1980 
(EDMC 1993a). These price rises were prohibitive cost increases for the energy-
intensive aluminium smelting industry in Japan (Table 6.6). 
Table 6.6 International comparison of per kilowatt-hour aluminium 
smelting costs in the early 1980s 
Japan Canada United States Australia West Germany 
lower range 
higher ranee 
15.5 
17.0 
1.0 
1.5 
3.5 
6.0 
3.0 
5.0 
5.5 
8.0 
Source: Sheard 1987 p 12. 
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Not only are electricity tariffs higher in Japan than in competing countries, but 
the major international aluminium processing firms in the United States, Canada and, 
to a much lesser extent, Australia (ALCAN, ALCOA and COMALCO for example) 
rely primarily on in-house hydroelectric power (Table 6.7). The newer exporters in 
Bahrain and Venezuela make use of abundant local oil and gas reserves. 
Table 6.7 Energy sources of electricity generated for aluminium smelting 
in the early 1970s 
( % ) 
Energy source Japan Canada United States Europe Non-communist world average 
Oil thermal 71.1 0.0 1.0 11.4 12.6 
Hydro 13.4 100.0 49.0 47.5 53.2 
Coal thermal 6.8 0.0 35.0 22.4 21.0 
Natural gas 8.7 0.0 15.0 10.5 10.6 
Nuclear 0.0 0.0 0.0 7.5 2.3 
Unknown 0.0 0.0 0.0 0.7 0.3 
Total 100.0 100.0 100.0 100.0 100.0 
Source: Sheard 1987 p 12. 
The one remaining Japanese refmery (Nippon Light Metals Kanbara plant) 
uses hydroelectricity. 
World aluminium market 
The globalisation of the world market for ingots, coincident with the collapse of the 
cartel and the start of aluminium trading on the London Metal Exchange, changed the 
shape of the international ingot market, giving downstream processing firms in Japan 
access to cheaper ingots, the main input. The world market had been an oligopoly 
comprising the major aluminium firms in the United States and Canada, but the hold 
of these firms on the market slipped with the rise of new, low-cost producers in 
Venezuela and Bahrain. 
Domestic industry structure 
The end of the ohgopoly introduced a price competitiveness into the industry which 
the domestic Japanese ingot producers were unable to match. The rolling and 
processing component of the industry in Japan was not tied to domestic ingot 
producers and sought the most competitive suppliers of ingots from the world market 
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(Tanaka 1988 p 459-460; Samuels 1983 p 498). This effectively eUminated the market 
for domestically produced ingots. 
Excess capacity levels 
The domestic ingot smelting component of the industry had run up excessive capacity 
levels in the late 1970s, partly in response to expectations of continuing high demand 
and partly as a defensive measure to prevent entry into the smelting process by the 
main rolling and processing firms (Tanaka 1988 p 456). These high levels of capacity 
led to increasing demand for electricity and structural change in the opposite direction 
to that which might have made the industry more efficient: smaller scale producers 
with captive hydroelectric plants. 
Mechanisms of structural adjustment in the domestic smelting industry 
The smelting firms began making heavy losses in 1974, after rapid electricity price 
rises and declining domestic demand for aluminium during the post-oil shock 
recession in Japan (Sheard 1987 p 9). While production levels fell, growth in capacity 
continued for another five years, resulting in the severe over-capacity of the late 
1970s. From 1977 to 1981 three adjustment plans were devised by joint industry-
govemment committees to smooth the scrapping of excess capacity. The mechanisms 
of adjustment employed in Japan contributed to the substitution of imported for 
domestically produced ingots. 
The first adjustment plan, based on the recommendations of the Aluminium 
Industry Committee of MITI's Industrial Structure Council, advocated a capacity 
target of 1,250,000 tonnes. The main adjustment incentive was tariff concessions, 
termed the 'tariff allocation scheme', which reduced the primary tariff on imported 
ingots from 9 per cent to 5.5 per cent for importing firms for volumes up to the 
volume to be scrapped (Sheard 1987 pp 13-16). The difference was paid by the 
importing firms into a fund to assist the scrapping of domestic capacity, and so the 
scheme worked by transferring funds from the importing firms (the aluminium 
processors) to the domestic refiners that were reducing capacity. 
A further measure begun in 1977 was an interest subsidy for stockpiling, in 
which an industry organisation, the Light Metal Reserves Association, received 
subsidised funding to purchase surplus stocks of aluminium which were re-sold to the 
207 
producers up to three years later. The scheme effectively provided low-interest loans 
to ingot producers, with the stocks held as surety. The scheme also attempted to prop 
up ingot prices by removing some supplies from the market, though only relatively 
small volumes (10-20,000 tonnes per year in the early years) were involved (Sheard 
1987 p 17). 
Following the industry's designation as a depressed industry under the 1978 
Depressed Industries Law, the Committee reported again in late 1978, setting a 
revised target of 1,100,000 tonnes capacity. The period of the tariff allocation scheme 
was extended, and the gap between the primary tariff and the reduced tariff widened, 
increasing the effective transfer from importers to producers. Some ¥1.588 billion 
was transferred in 1978 (Tanaka 1988 p 463). A temporary upturn in world demand 
for aluminium relieved pressure on the Japanese industry at the beginning of 1980, but 
this was short-lived and the Committee reported again in 1981, setting a target of 
700,000 tonnes capacity by 1985 (Tanaka 1988 p 465). The tariff allocation scheme 
was extended for the years 1982-84, and the stockpiling program made major 
purchases of some 115,000 tonnes of ingots (worth over ¥40 billion) in 1982 and 
1983 (Tanaka 1988 p 465). 
The government also sought to minimise the electricity cost to the smelting 
industry by scheduling the electricity tariff at the lowest rate and assisting with 
conversion of in-house oil-foed generation equipment to coal-fired (Sheard 1987 
pp 20-23). Only two electricity generation plants were converted under this scheme, 
and one closed shortly after conversion, as conversion contributed only marginally to 
improving cost structures. 
In addition to these measures a tariff exemption scheme was implemented 
whereby the smelting firms were exempted from paying any tariffs on imported ingots 
until 1988, up to an amount equal to the amount of capacity they were scrapping, no 
matter how small their actual domestic production (Sheard 1987 p 16). The emphasis 
on cross-subsidisation of domestic production by cheaper imports, followed by 
replacement of domestic production, was heightened by the provision of subsidised 
loans through the Export-Import Bank for smelting operations established overseas. 
As well as the government assistance, the industry itself poured funds into the 
adjustment process through share write-offs, corporate restructuring to hive off 
smelting activities, interest subsidies from affiliated banks and cross subsidisation of 
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local product with cheaper imports. Sheard (1987 p 51) highlights how much of the 
burden of adjustment was bome by the firms themselves and their keiretsu partners, 
and estimates that the costs of this (direct losses of some ¥245 billion 
(US$980 million)) were some three and half times greater than the direct subsidies 
from the government, which totalled around ¥70 billion (US$280 million). Indirect 
government and industry assistance, through low-interest loans and loan guarantees 
has been estimated at ¥368 bUUon (US$1.5 billion) and ¥900 billion (US$3.6 billion) 
respectively (Sheard 1987 pp 51-54). 
While each of these targets for capacity to be scrapped was determined by a 
joint industry-govemment committee, each was soon exceeded by actual reductions 
achieved by the industry itself. Tanaka argues that a harsher policy goal should have 
been clear from the beginning — no domestic smelting — rather than policy propping 
up an uneconomic industry. Tanaka (1988 p 454) suggests that 'the recovery in 
international markets [since 1983] [was] insufficient for the survival of the Japanese 
industry'.Tanaka also argues that there was confusion and inconsistency in the policy 
response to the industry's decline in keeping minimum desirable production levels. 
Government intervention, rather than smoothing the exit of smelting firms, served to 
maintain smelting capacity past sensible limits. Smelting firms scrapping production 
obtained tariff exemption for imported ingots, extending the life of the smelting firms. 
Sheard points out that MITl set 700,000 tonnes as the capacity (not production) 
target, for reasons of 'security' but the firms themselves continued to reduce capacity 
levels, to 300,000 tonnes in the mid 80s and then to around 30,000 tonnes since the 
late 1980s. 
Through the adjustment process the incentives for the industry were to aid 
substitution of imported ingots for domestically produced ingots. There were no 
measures aimed explicitly at raising the energy efficiency of the smelting process, 
though the high cost of electricity was the major contributor to the Japanese 
industry's loss of international competitiveness. 
Earlier chapters have shown the share of decline in aggregate energy intensity 
attributable to the non-ferrous metals sector. The aluminium industry has been the 
most energy-intensive part of this sector, and the smelting component the most 
energy-intensive part of that industry. Analysis of intra-industry technological and 
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structural change shows that the change in source of inputs from domestically 
produced to imported ingots has been the cause of the industry's decline in direct 
energy intensity. Imported ingots bring more indirect imports of energy and less 
consumption of energy in Japan. 
The industry's energy consumption profile has been the main cause of the 
restructuring. The high levels of consumption of bought-in electricity and the high 
cost of that electricity in Japan made the smelting component of the industry 
intemationally uncompetitive. The downstream processing firms, not tied to the 
smelting component, bought lowest cost ingots from the global market. Lack of 
flexibility in energy sources constrained the domestic smelting plants from adapting to 
higher electricity costs. The one remaining plant is, like many of its intemational 
competitors, served by a captive hydroelectricity station. 
Less energy-intensive components of the industry, alumina production and 
rolling and processing, have not restructured to the same extent as the smelting 
component. The rolling and processing component continued to grow strongly 
through the 1980s and early 1990s. Adoption of the continuous casting process in the 
rolling and processing component of the industry could further improve the industry's 
energy efficiency in future (Sagawa 1991 p 17). 
The net energy-related effect of the restructuring has been a small but 
significant contribution to the decline in Japan's overall energy intensity. 
ENERGY INTENSITY IN THE CEMENT INDUSTRY 
The cement industry is one of the six main energy-intensive industries alongside iron 
and steel, chemicals, pulp and paper, processed metal products and non-ferrous 
metals. The industry is the major component of the broader 'ceramics' industry group 
which includes cement, bricks, glass and porcelain making. It has the largest share of 
output of the industries making up the group (at 56 per cent of the group's total value 
of production) and accounts for 60 per cent of the group's energy consumption. 
Chapter 4 showed that change in the energy intensity of the ceramics industry group 
accounted for over 10 per cent of the decline in Japan's aggregate energy intensity 
between 1973 and 1991. This section of examines the extent of structural and 
technological change in the cement industry over this period to assess the sources of 
the significant contribution of the ceramics industry group to the decline in aggregate 
210 
energy intensity. Energy efficiency in the industry improved significantly in the ten 
years from 1973 to 1983 but has been quite stable since then. 
In 1990 the cement industry consumed 6,888x10^° kcal of energy, 4.8 per cent 
of energy consumed by the manufacturing sector (EDMC 1993b). The ceramics 
industry group as a whole accounted for some 8.5 per cent of energy used in the 
manufacturing sector. 
In addition to being a significant energy consumer, the cement industry is an 
interesting case study as energy costs are a large proportion of input costs. Energy 
accounts for some 30-50 per cent of the cost of production, depending on technology, 
about three times that of the steel industry for example (Onozaki 1989a p 8). Energy 
costs per value of output in the industry are among the highest of all industries 
because of the low value of output. Energy costs per value of output are 15.2 per cent 
for fuels and 9.9 per cent for electricity, yielding a total of 25.1 per cent (Onozaki 
1989a p 9). In contrast, energy costs per value of output for the ceramics industry 
group as a whole are 10.1 per cent. Under these circumstances, higher energy prices 
meant more incentives to improve the efficiency of energy use in the cement industry. 
Cement production processes 
The manufacture of cement has three stages. Firstly, the raw materials (primarily 
limestone, clay and silica) are ground in mills. The ground ingredients are then 
blended in a cement kihi at temperatures around 1500 degrees to form clinker. Finally, 
the clinker is cooled and re-ground into cement ready for distribution, mixing with 
water and use. The clinker production stage accounts for around 90 per cent of 
energy consumption in cement manufacture. 
There are two main clinker production methods — wet and dry — as well as 
combinations of the two. The wet clinker production process allows homogenisation 
of the ground feed, but requires more heat for pyroprocessing since the water must be 
evaporated first. Wet kilns have been phased out in Japan since the end of the 1970s. 
Four types of dry kilns are in use in Japan, with the new suspension pre-
heating technology the most energy efficient. This technology is now in use in most of 
Japan's cement k ibs (Table 6.8). 
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Table 6.8 Japanese cement kilns, 1987 
Kiln type Number of kilns Share of output 
New suspension pre-heating 60 81.6 
Suspension pre-heating 18 13.7 
le Paul 11 2.0 
Boiler 7 2.7 
Filterless wet 1 -
Total 97 100.0 
Source: Sangyo Kenkyujo [Industry Research Centre] 1990, p 149. 
Energy consumption in cement production 
Production of clinker is the main energy consuming stage in the cement making 
process (Figure 6.9) and most (over 97 per cent) of energy used in cement 
manufacture is consumed as primary fuels. 
Figure 6.9 Energy consumption by cement industry process 
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By fuel, electricity only supplies around 3 per cent of the energy used in the 
energy-intensive clinker production process. Overall, electricity supplies 11 per cent 
of energy requirements overall, mostly in grinding in the fost (raw material grinding) 
and last (milling) stages of cement production. Some 38 per cent of this electricity is 
generated within the industry, and one-third of this from recovered waste heat. In 
1988 electricity generated from waste heat accounted for around 12 per cent of the 
industry's energy needs, and was negligible in 1980. Coal is the principal primary fuel. 
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having replaced oil in the main energy consuming process of kiln heating in clinker 
manufacture. 
Wet clinker processes require 1.4x10^ kcal/t of clinker produced (the drying 
stage alone needing 0.499x10^ kcal/t), and dry processes some 0.965x10^ kcal/t. 
Using pre-heaters with dry processes drops energy requirements to 0.80 xlO^ kcal/t 
and with pre-calciners as well energy requirements fall to 0.75x10^ kcal/t 
(International Energy Agency (lEA) 1991 pp 57-58). Japanese kilns produced clinker 
using 0.71x10'kcal/t in 1988 (Onozaki 1989a p 18). 
Intra-industry structural and technological change 
There was little change in the mix of inputs and outputs in the cement industry in 
Japan between 1973 and 1991. The cement industry is much more homogeneous in 
inputs and outputs than the iron and steel and aluminium industries and there have not 
been the same internal structural changes as in these other industries. 
The change in energy intensity in the industry has been wholly due to 
technological change. There has been a remarkable transition in kiln technologies 
since the early 1970s (Figure 6.10) and the industry's energy savings flowed from this 
technological change. 
Figure 6.10 Kiln technologies and share of output 
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The extent of technological change in Japan is unusual as clinker kilns 
generally have long operational lifespans. Some kilns in the United States have been in 
use for 75 years and this has slowed the introduction of energy efficient technology in 
that country (lEA 1991 p 58). 
Change in direct and indirect energy intensities 
Energy consumption has fallen significantly for the industry as a whole with energy 
consumption per tonne in 1983 some 80 per cent that required in 1973. The major 
factor has been the production technology shift illustrated in Figure 6.10. 
Per ton of clinker output, the suspension pre-heating kiln process uses 
87 per cent of the energy of the le Paul kiln and 51 per cent of the boiler kiln 
processes that dominated the industry in the 1970s (Onozaki 1989a p 18). Part of the 
technological shift in Japan has been the dramatic move out of oil as the major energy 
source for clinker production, replaced by coal. In 1973 oil supplied 43 per cent of the 
energy requirements and coal 55 per cent, while in 1988 oil was virtually unused at 
1 per cent of energy inputs and coal had climbed to 97 per cent (Onozaki 1989a 
p l 8 ) . 
Over the 1973-1983 period that saw broad introduction of NSP kilns 
(Figure 6.10), the energy intensity of clinker production fell by 20 per cent (Sangyo 
Kenkyujo 1990 pp 152-155). This fall was due to two factors. Firstly the shift from oil 
to coal which saw a kilocalorie-base improvement in energy efficiency of 30 per cent. 
Secondly, electricity efficiency also improved, but less so. With these technologies 
dispersing as far as possible through the industry by the early 1980s, energy intensity 
stabilised after 1983 and actually worsened in 1986 due to high demand and 
consequent use of old kilns with low energy efficiency (Sangyo Kenkyujo 1990 pi55). 
The degree of domination of the new production technologies, the end of 
possible gains from further switching to coal and generally low energy prices suggest 
that the flattening of the energy intensity curve for the cement industry is likely to be 
maintained in the near future (Fujime 1989 p 24). Energy conservation is approaching 
the technical Umit in the clinker process (Sagawa 1991 p 17; Fujime 1989 p 24) and 
emphasis for future gains is shifting to improving milling technology and saving 
electricity. Exhaust heat boilers are currently used to generate electricity in about half 
Japan's cement plants, but further dispersion is unlikely due to technical difficulties in 
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installation (Sagawa 1991 p 17). Vertical mill processes also save energy, but again 
installation is limited by plant design incompatibilities (Sagawa 1991 p 17). 
International competitiveness and trade 
Exports of cement slowed through the 1980s, from a peak of 13.7 million tonnes in 
1983 down to 5.1 million tonnes in 1988 (Onozaki 1989a p 12). This volume of 
exports, however, is only 6.5 per cent of domestic cement production. Over half of 
this amount (2.84 million tonnes or 55 per cent) was exported to Hong Kong, and a 
further 34 per cent to the United States. Imports have been rising since tiie mid 1980s 
and were 3.6 million tonnes (53 per cent from Korea and 46 per cent from Taiwan) in 
1988. This level of imports is still small compared to the 77.5 million tonnes 
consumed domestically (some 4.6 per cent) (Onozaki 1989a p 12). 
In 1988 there was a price difference of some ¥1500 per tonne between 
cement produced in Japan and that produced in Taiwan and Korea (FOB). The quality 
of tiie imported material was not as good as its domestic competitor in strength and 
durability, and these concerns have contributed to the low level of cement imports 
despite the price advantage of imported cement (Onozaki 1989a p 12). Quality and 
the high cost of transport of cement (especially with respect to value) suggest there is 
little likelihood of a significant increase in cement imports in the near future (Onozaki 
1989a p 13). 
The ceramics industry group, of which the cement industry is the major part, 
contributed over 10 per cent of the aggregate decline in Japan's energy intensity 
between 1973 and 1991. Chapter 4 identified the industry group's declining share of 
manufacturing sector output as partly responsible for this contribution to energy 
intensity decline, with the major technological change in clinker production the other 
contributing factor. 
The energy intensity of cement production in Japan declined by 20 per cent 
between 1973 and 1983, attributable mostiy to the clinker production technology shift 
which has permeated the industry in Japan. The industry's energy intensity has not 
changed appreciably since 1983, with the newer more energy-efficient dry processes 
now dominating the Japanese cement industry. 
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There is not the same scope for substitution of semi-processed imports for 
domestic production as in the steel and aluminium industries. While the Japanese 
industry is at some cost disadvantage compared to Korean and Taiwanese producers, 
high transport costs (relative to value of product) and quality concerns have kept the 
volumes of imported clinker and cement very low. Intermediate inputs such as clinker 
are not widely traded internationally as transport costs tend to negate any 
intemational comparative cost advantages. There seems to be little likehhood of 
significant shifting of components of cement production (mainly clinker) to plants 
offshore to supply domestic cement plants, though imports of the finished product 
may rise. 
ENERGY INTENSITY IN THE PULP AND PAPER INDUSTRY 
Over the 1973 to 1991 period that is the subject of this study. Chapter 4 showed that 
the pulp and paper industry was responsible for some 6 per cent of the overall change 
in Japan's aggregate energy intensity. This section examines technological and 
structural change within the pulp and paper industry to determine the causes of this 
decline in energy intensity. 
The pulp and paper industry in Japan accounts for some 7 per cent of energy 
consumed in the manufacturing sector and 2.6 per cent of the value of manufacturing 
output. Energy costs as a proportion of input costs are quite high, over 7 per cent in 
1992 (Nippon Seishi Rengokai [Japan Paper Association] 1993 p 18). The industry's 
energy costs are reduced by extensive use of energy derived as by-products of paper 
making processes. These recovered energy sources supply over one-third of the 
industry's energy needs, reducing the amount of energy purchased. 
Paper and cardboard production in Japan is almost all for domestic 
consumption, less than 3 per cent was exported in 1993 (Japan Paper Association 
1994 pp 12-13). While imports of raw materials (most notably woodchips) are 
significant, little finished paper or cardboard is imported (Japan Paper Association 
1994 pp 5-7). Some 870,000 tonnes of paper was imported in 1993, over half 
newsprint (Japan Paper Association 1994 p 7). 
Wastepaper is an important source of fibre, providing 53.2 per cent of fibre 
needs (Japan Paper Association 1994 p 9). Pulp is the other main source of fibre and 
23 per cent of pulp was imported in 1993 (Japan Paper Association 1994 p 9-10). 
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This share rose slowly through the mid late 1980s and early 1990s. The balance of 
pulp requirements is from pulp produced domestically from a mixture of domestic and 
imported woodchips. 
Pulp and paper production processes 
There are two main steps in producing paper from wood products. The first involves 
converting wood from a variety of sources to fibre (wood pulp). There are two 
common means of conversion of wood to pulp — mechanical reduction of wood to 
fibres and chemical reduction of wood — as well as processes that combine the two. 
The second step involves bleaching and forming the pulp into boards or sheets 
and then drying to form paper and cardboard. The pulping and drying processes are 
the two most energy-intensive parts of paper production. 
The pulp and paper industry in Japan produces pulp for consumption in 
domestic paper product manufacture and produces a range of products for final 
demand including cardboard and cardboard, fine writing papers, newsprint and 
packaging materials. 
Japan has a high rate of recovery of post-consumer paper for re-use. This 
recycling rate peaked at 57 per cent in 1987 (Onozaki 1989b p 31). This wastepaper 
is used as an important energy-saving input into cardboard manufacture, where it 
makes up over 80 per cent of raw materials. Use of wastepaper grew rapidly in the 
1970s as it requires 20-25 per cent of the energy necessary to produce pulp from raw 
wood (Whitham 1995 p 6). Wastepaper supplies a smaller proportion (around 
26 per cent) of fibre inputs into papermaking (Japan Paper Association 1994 p 9). 
Energy consumption in pulp and paper production 
Pulping is the most energy-intensive stage of paper production and accounted for 
some 33 per cent of primary energy consumption in 1993 (Japan Paper Association 
1994 p 21). Crude primary energy intensity (including electricity consumption) of 
pulping was 4.23 million kcal/tonne in 1993. Crude primary energy intensities of 
paper making and cardboard making were 3.72 and 2.95 miUion kcal/tonne 
respectively (Japan Paper Association 1994 p 21). 
The main primary fuels used in the industry are oil and coal, and there has 
been a significant substitution towards coal use since the oil shocks (Table 6.9). 
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Table 6.9 Energy sources in the pulp and paper industry 
self-supply purchased Total 
black liquid bark fuel oil coal electricity 
1981 10 b kcal 3055 113 5056 267 1021 9590 
% 32 1 53 3 11 100 
1993 10 b kcal 4167 199 4616 1990 798 12534^ 
% 33 2 37 16 6 94 
a includes ' others' of 75 2x 1 k c a l (6 per cent) 
Source: Japan Paper Association, Pulp and Paper Statistics 1994, p 21. 
Like the cement industry, the pulp and paper industry relies heavily on primary 
fuels. In 1992 coal provided 25.7 per cent of purchased energy needs, oil 
62.3 per cent and electricity 12 per cent (Nippon Seishi Rengokai 1993 p 18). 
Electricity accounts for only 12 per cent of energy consumption in cardboard 
manufacture, 8 per cent in papermaking and less than 5 per cent in pulp making 
(Japan Paper Association 1994 p 21). 
Reflecting the fall in yen-denominated crude oil prices and improved energy 
efficiency, energy costs in the industry in 1992 had fallen to around 7.6 per cent of the 
value of production, down from a peak of almost 20 per cent in the years following 
the second oil shock in the early 1980s (Nippon Seishi Rengokai 1993 p 18). 
The distinction between purchased and self-supplied energy is as important in 
the pulp and paper industry as it is in the steel industry. Energy sourced from within 
the industry provided 35 per cent of total energy requirements in 1993, up slightly 
from 33 per cent in 1981. The source of most of this energy is the lignin-rich 'black 
liquid' which is a by-product of chemical pulping processes. Bark recovered from 
woodchips is another, smaller, energy source. 
WhUe mechanical pulping of chips consumes energy, chemical conversion 
releases energy. Import of chips thus brings some import of energy for paper mills and 
most of Japan's papermills are integrated with chemical pulping plants to make use of 
this (Bills 1991 p 3). The energy released in pulping is captured and used in the 
energy-intensive drying process. While this is a significant source of energy for the 
pulp and paper industry in Japan, the Japanese paper mills are not as efficient overall 
at meeting their own energy needs as mills in the United States, where only 
44 per cent of energy needs are purchased (Nippon Seishi Rengokai 1993). 
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Intra-industry structural change 
Output of paper and cardboard products peaked in 1991, the recent fall a 
consequence of the recession in Japan. There has been a gradual increase in the shares 
of output of specialty papers that are generally more valuable and embody more 
processing, including tissue paper, coated paper and other papers for use in 
communications (Japan Paper Association 1994 p 5; Fujime 1989 p 28). 
The share of imported pulp in total pulp requirements rose slowly through the 
1980s from 19 per cent in 1985 to 23 per cent in 1993 (Japan Paper Association 1994 
pp 9-10). Domestically produced pulp has maintained a high share of total pulp needs 
(around 80 per cent) through the 1980s and 1990s. This is despite the preference by 
many woodchip exporting countries (including Australia) to encourage the Japanese 
industry to move towards import of the higher value-added pulp over raw woodchips 
(Bills 1991). Japan's pulp imports are expected to increase through the 1990s in 
response to high domestic labour and energy costs, increasing pulp production 
(particularly in Indonesia), and production of pulpwood from joint venture plantations 
(Hagler 1995 p 4). 
The pulp and paper industry was reviewed in 1994 in a report to MITI's 
Paper, Pulp and Printing Industry Division. The review highlights the declining 
profitability of the industry as a consequence of falling domestic demand during the 
recession, excess capacity and lack of adequate restructuring (MITI 1994 pp 1-2). 
The report advocates expansion of overseas production through joint ventures and 
technical assistance, in reaction to expectations of strong paper demand growth in 
many East Asian countries (an average of 9 per cent per annum compared with 
2-3 per cent per annum growth expected in Japan). The report also notes the recent 
fall in the rate of utilisation of wastepaper as a source of fibre (MITI 1994 p 3), a fall 
which was a consequence of the recession in Japan reducing demand for newsprint, a 
major consumer of wastepaper. The report revives a higher utilisation target of 
55 per cent (MITI 1994). 
Change in direct and indirect energy intensities 
Energy intensity for the pulp and paper industry declined through the 1970s, but the 
rate of decline has slowed since the mid 1980s (Table 6.10). This decline is a product 
of technological change in both stages of paper making, especially in pulping 
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processes (Onozaki 1989b). Introduction of continuous cooking ovens, better drying 
processes and recovery boilers, among other technologies, and steady increases in the 
proportion of wastepaper used in cardboard manufacture, were the main causes of the 
decline in energy intensity. High efficiency valve cleaners, continuous digesters and 
high efficiency presses are new technologies being adopted in pulp and paper plants in 
Japan. Some of these technologies are not yet dispersed throughout the industry, with 
high installation costs a major barrier (Sagawa 1991). Given the loss of profitability in 
the industry in the early 1990s it is unlikely that capital investment to install these 
technologies will take place in the near future. Table 6.10 shows how most of the 
improvement in technological efficiency took place between 1975 and 1985. 
Table 6.10 Purchased energy requirements per tonne of paper/cardboard 
output 
1973 1975 1980 1985 1990 1993 
m kcal/t 4.95 5.53 4.06 2.90 2.79 2.64 
1973=100 100 112 82 59 56 53 
Source: Japan Paper Association 1994, p 28. 
Since the mid 1980s there has been litde improvement in the industry's energy 
efficiency. The most important factor behind the efficiency slowdown has been that 
most of the readily installable and cost-effective energy-saving technologies have 
already been taken up in the industry (Sagawa 1991 p 16; Fujime 1989 p 28). Two 
other factors are the increasing demand for more highly processed papers requiring 
more energy consumption, and the approach of the technical limit in the overall 
proportion of wastepaper used as a source of fibre (Onozaki 1989b p 31; Fujime 1989 
p24) . 
Indirect energy consumption in the industry has not changed significantly. The 
chemical pulping process allows use of the main non-energy raw material (woodchips) 
as a partial source of energy rather than a consumer of energy. There has been only a 
small increase in the share of imported pulp in pulp requirements and imports of semi-
processed pulp inputs have not replaced imports of primary woodchips to any great 
extent. 
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The energy intensity of the pulp and paper industry in Japan decHned significantiy 
after the 1973 oil shock, especially between 1973 and 1985. Energy requirements per 
tonne of output were approaching half the 1973 levels in the late 1980s. 
Technological change and adoption of energy-recovery processes have been the main 
factors behind the contribution by the industry of around 10 per cent of the aggregate 
change in energy intensity in Japan. As with the other three industries analysed in this 
chapter, the rate of decline of energy intensity slowed significantly in the mid 1980s. 
While still one of the most energy-intensive manufacturing industries, in the 
late 1980s and early 1990s the pulp and paper industry showed little sign of 
movement towards import of pulp rather than raw woodchips or substitution of 
imported for domestically produced pulp. Imported pulp supplied a steady 9 per cent 
of fibre requirements through the late 1980s and early 1990s, with the balance being 
met from domestically produced pulp and wastepaper. This stability is in part 
explained by the use of energy released during chemical processing of woodchips in 
the integrated mills in Japan. While there has been a slight increase in the share of 
imported pulp in pulp needs, there has not been a consistent corresponding decline in 
the share of imported woodchips as a source of fibre. Substitution of imported chips 
for domestically produced chips continues, however, and imports of finished paper 
may rise as a result of the industry developing integrated production facilities 
offshore. 
CONCLUSION 
Chapters 4 and 5 showed how most of the change in Japan's aggregate energy 
intensity between 1973 and 1991 is attributable to adjustments and technological 
advances in the manufacturing sector, and in the main energy-intensive industries in 
particular. The sectoral analysis in Chapter 4 showed that most of the change in 
aggregate energy intensity stemmed from a mix of inter-industry structural 
adjustments and technological change within the manufacturing sector. This chapter 
has applied the same principles of analysis to the key industries within the 
manufacturing sector over the same 1973-1991 period. 
Within the four industries considered here, as with the economy as a whole, 
industr>'-wide energy intensity change can be explained as a combination of two 
forces: intra-industr>' structural change and mtra-industry technological change. 
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Analysis of energy intensity changes at the industry level confirms the mix of elements 
driving energy demand. Some of these have acted to push energy intensity up, others 
to pull it down. The nature and direction of these forces are masked when only 
aggregated data is considered and only net effects on energy demand can be 
distinguished. 
Energy intensity in the iron and steel industry declined sharply through the 
1970s and early 1980s. Direct energy intensity in the industry has remained at 
generally the same level since the mid 1980s, and in fact increased slightly in the early 
1990s. The major factor behind the industry's contribution to change in aggregate 
energy intensity during the late 1980s has been the industry's dechning share of 
manufacturing sector output. 
The extent of the decline in the industry's direct energy intensity was a 
consequence of two opposing forces: the dissemination of energy-saving 
technologies; and the changing mix of inputs and outputs. A number of energy-saving 
technologies were introduced through the 1970s which combined with much greater 
rates of energy re-capture to reduce the amount of energy purchased by the industry. 
Offsetting these developments have been increasing levels of output of more highly 
processed steels, requiring more energy in production. 
With most of the energy consumed by the industry in the form of primary fuels 
rather than the more expensive secondary energy sources, the domestic industry was 
able to adjust to higher energy price levels and maintain intemational competitiveness. 
The recent intra-industry input and output structural changes, however, stopped the 
decline in the industry's energy intensity. Structural change within the industry has 
seen increasing output of more highly processed special steels requiring more energy 
input. This has more than offset technological gains in particular processes, which 
have generally served to reduce energy intensity. The switch from crude oil to coal, 
the introduction of the pulverised coal injection technology and recovery of coke oven 
gases for use in later processing have served to increase coal use, more than 
compensating for a reduction in oil consumption. 
As a result of these structural and technological changes, the energy intensity 
of steel output stopped dechning and began nominally increasing in the late 1980s and 
early 1990s. Only the industry's continuing decline in output share contributed to the 
overall decline in sectoral energy intensity in the late 1980s. 
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The domestic aluminium industry came under great pressure in the 1970s from 
a combination of higher crude oil prices, which led to higher electricity prices, and a 
change in the world aluminium ingot market which made lower priced ingots much 
more accessible on the open market. 
These factors led to the virtual eUmination of electricity-intensive domestic 
aluminium ingot production. The high cost of electricity in Japan made domestic ingot 
production uncompetitive, despite the high level of energy efficiency of smelting 
plants. Japanese smelting plants did not have access to the large quantities of cheap 
electricity used by plants in other countries either from captive hydroelectric power 
stations, or from abundant quantities of low-priced crude oil or gas. 
While the energy (and particularly electricity) intensive component of the 
industry (ingot smelting) has dechned, other components have remained producing at 
high, even increasing levels. Processing of ingots, for example, has continued with 
processing firms buying ingots from the world market. 
There was little technological change in the industry or change in its main 
outputs and the structural change towards imports of primary ingots was the major 
factor behind the aluminium industry's small but significant contribution to aggregate 
energy intensity decline. 
Energy intensity in the cement industry dechned by some 30 per cent between 
1973 and 1983, and has remained stable since then. With no significant change in the 
industry's inputs or outputs, this change was wholly due to technological 
improvements. This technology change took place in the clinker production process 
as most of the clinker production plants took up the energy-saving new suspension 
pre-heating technology. 
This technology has allowed a significant shift away from oil to coal as the 
primary energy input and a drop in the amount of energy required per tonne of clinker 
output. There has been little change (technological or structural) in other parts of the 
cement industry, though the industry's share of manufacturing output has fallen. 
Introduction and dispersion of the new suspension pre-heating process itself was the 
main factor behind the industry's contribution to aggregate energy intensity change. 
With dispersion of this technology reaching technical limits in the early 1980s there 
was no significant decline in the industry's energy intensity through the late 1980s and 
early 1990s. 
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Energy intensity in the pulp and paper industry also declined markedly through 
the 1970s and early 1980s. The decline slowed, however, in the mid 1980s and there 
was no significant decline in energy intensity in the late 1980s. 
Technological changes allowing conservation of energy as well as capture and 
re-use of waste energy were behind the decline in the industry's energy intensity 
through the 1970s. High rates of wastepaper recovery and utilisation contributed to 
reducing energy costs. The rate of wastepaper utiUsation fell slightly in the late 1980s, 
and technical limits have been approached in the overall amount of wastepaper that 
can be used as a source of fibre. There were no significant technological 
breakthroughs in the late 1980s to continue the industry's energy saving trend. Similar 
to the steel industry, demand for more highly processed specialty papers is increasing, 
and this contributed to the flattening of the rate of change of energy intensity in the 
late 1980s. 
The industry sources a high proportion (35 per cent) of energy from by-
products of the chemical pulping process. Between 1973 and 1991 there was no 
substantial shift from import of raw to semi-processed inputs, as import of the raw 
chips is in fact import of some of the energy used in Japan's integrated chemical-
pulping mills. 
The analysis in this chapter has shown that the same principles of technological 
change and structural change that applied across sectors and across industries can be 
applied usefully within industries. This chapter has highhghted the mix of 
technological and intra-industry structural changes in four key energy-intensive 
industries. These four industries accounted for over 60 per cent of the decline in 
manufacturing sector energy intensity between 1973 and 1991. The analysis 
undertaken here is important in assessing the causes of energy intensity changes in the 
last twenty years, and thus in assessing the prospects for the near future. 
Direct energy intensities within these industries fell rapidly between 1973 and 
the early-mid 1980s. Since then, however, the falls in energy intensity have been 
small, due to the end of the run of readily installable cost-effective technologies, 
falUng crude oil prices and increasing demand for highly processed products that 
embody more energy consumption (Sagawa 1990; Fujime 1989). 
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Technological change in these industries has not been smooth, with the typical 
scenario in the cement and steel industries being a new technology rapidly permeating 
through the industry, bringing a period of rapidly improving energy efficiency. Once a 
technological improvement had made its way through an industry, the rate of 
improvement in energy efficiency slowed. Increasing demand for more highly 
processed products is tending to push energy intensities up in these industries. 
Energy intensity changes in these four industries were at the core of the 
decline in Japan's aggregate energy intensity. The extent of any energy intensity 
reductions in these industries will be crucial factors in determining aggregate energy 
intensity in the next few years. 
Of the four industries considered here, only in aluminium has there been a 
significant shift offshore of part of the production process. Rather, there is trend for 
whole plants to be set up offshore, with some of the output imported into Japan. This 
trend has contributed to the falling output shares of GDP of these industries, though 
output levels of most of these industries have been maintained. This 'hollowing out' 
of Japanese heavy industrial capacity is not motivated only by energy concerns, but by 
a range of factors including the strengthening of the yen, growth in demand for 
manufactured goods in nearby countries high labour costs in Japan and access to 
natural resources. As Chapter 5 showed, to the extent that this trend continues, 
Japan's indkect energy imports will continue to rise while direct energy import 
growth is dampened. This will continue to influence aggregate energy intensity levels. 
The next chapter considers the other side of the aggregate energy intensity 
equation, the emerging areas of high energy demand growth and of increasing energy 
intensity. Electricity demand, and household electricity consumption in particular, is 
surging in Japan, placing more importance on the efficiency with which electricity is 
generated and the fuels that are used. Future patterns of electricity demand and supply 
will have a strong influence on aggregate energy intensity levels over the next few 
decades. 
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7 Increasing Energy Intensity: Issues in 
Electricity Demand and Supply 
INTRODUCTION 
Electric power generation and consumption are important factors in understanding 
Japan's energy intensity from two perspectives. Firstly, electricity accounts for a large 
and growing proportion of Japan's final energy consumption. Levels of consumption 
of most fuels have been steady, or rising only slowly, but demand for electricity grew 
rapidly through the 1980s and early 1990s. Secondly, the electricity generation 
process is a major consumer of primary energy. Changes in the proportion of thermal 
electricity generation and the efficiency with which fossU fuels are converted into 
electricity have had a significant impact on overall energy intensity levels. These 
perspectives suggest that developments in demand for, and supply of, electricity have 
a significant effect on the changes in Japan's overall energy intensity. 
Chapters 4 and 5 highlighted the importance of a small number of key energy-
intensive manufacturing industries in accounting for changes in Japan's aggregate 
energy coefficient in the years since the 1973 oil crisis. Four of these industries were 
considered in detail in Chapter 6 to determine the reasons behind the change in energy 
intensity in particular manufacturing processes. Chapter 5 quantified the impact of the 
electricity generation sector on the observed changes in aggregate energy intensity 
over the 1980-1990 period. This sector is analysed in detail in this chapter, along with 
one of the key sources of emerging electricity demand, the residential sector. 
Earlier chapters confirmed the recent decline in the rate at which Japan's 
aggregate energy intensity has been falling. Non-manufacturing sectors in particular 
have shown low rates of energy intensity decHne or in some cases slight energy 
intensity rises. The lessening of the rate of change of aggregate energy efficiency is 
due in large part to growth in the non-manufacturing sectors where energy intensity 
has not been falling, and in some cases has been rising. These sectors are having a 
stronger influence on aggregate energy consumption levels and aggregate energy 
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intensity levels as their shares of GDP increase. Growing electricity use was a major 
factor behind the slowing of the rate of decline of aggregate energy intensity in the 
mid 1980s. 
The non-manufacturing sectors are typically users of electricity rather than 
primar}^ fuels. In the commercial sector, for example, electricity consumption grew at 
an average of 7.3 per cent per year between 1971 and 1986, while aggregate energy 
demand grew at only 1.2 per cent in the same period (Usuki and Onozaki 1988 p 17). 
While fossil fuel consumption is growing more slowly than GNP, electricity 
consumption is growing at around the same rate as GNP, and in some non-
manufacturing sectors electricity intensity is also growing rapidly. Electricity 
consumption growth rates of the same order as GNP growth rates suggest that future 
developments in the electricity generation industry will have increasingly significant 
impacts on aggregate energy intensity. Strong growth in electricity demand points to 
areas of increasing energy intensity, in contrast to the bulk of the economy where 
energy intensity was generally decreasing, albeit more slowly in the late 1980s. 
The impact of increasing levels of electricity consumption on aggregate energy 
intensity is determined by the efficiency of electricity generation and supply, mainly by 
the thermal efficiency of electricity generation and the types of fuels used. Demand 
side factors also play a role as in some parts of the economy demand for electricity is 
growing rapidly, inducing consumption of primary fuels in electricity generation to 
meet increased demand. 
Three factors are important in explaining the electricity industry's changing 
pattem of energy intensity. Firstly, there has been some improvement in the efficiency 
with which fossil fuels are used to generate electricity (that is, improvement in the 
thermal efficiency of the energy conversion process). Secondly, there have been some 
important changes in relative price structures which have affected the economic 
efficiency of particular primar>' fuel xyipes. These changes have made some fuels more 
cost-effective (and thus more economically efficient) than others, and to some extent 
have worked against trends in improving thermal efficiency. Thirdly, the electricity 
industry's longer-term supply strategies show a continuing reliance on fossil fuels. 
While this rehance will maintain the industry's high share of Japan's primary fuel 
consumption, alternatives are also being considered to reduce the amount of fossil 
fuels consumed. These altematives include reducing electricity supphed from fossil-
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fuel conversion by using nuclear and new renewable technologies and some efforts to 
reduce electricity consumption through demand side management strategies. Any 
reductions in primary fuel consumption for the same level of electricity output will, of 
course, serve to reduce Japan's aggregate (primary) energy intensity. 
On the supply side, Chapter 5 showed that the electricity industry accounted 
for a significant proportion of the total change in energy intensity in Japan between 
1973 and 1991. The industry had the fifth largest contribution to the decline in 
aggregate energy intensity, accounting for some six per cent of the fall in total energy 
intensity. In 1991 some 24 per cent of Japan's total primary energy supply was 
directed towards electricity generation from fossil fuels. In aggregate, while the 
electricity generating industry in Japan is one of the most thermally efficient in the 
world (Kinouchi 1990 p 47), it accounts for a major share of Japan's primary energy 
consumption. 
This chapter examines the nature and extent of the growth of electricity demand in 
Japan, and technological and strucUiral change in electricity supply. It identifies causes 
and sources of high levels of electricity demand growth, which continue despite high 
electricity prices. The analysis here seeks to identify the driving forces behind this 
demand growth, and the implications for aggregate energy intensity of increased 
demand on primary fuels for electricity generation. 
This study focuses on the 1973-1991 period. Electricity demand growth rates 
remained high throughout this period, higher than overall energy consumption growth 
rates. Electricity demand is pulling up overall energy consumption levels, and is 
raising energy consumption growth rates. This chapter considers the high growth 
rates of electricity consumption and examines both the supply and demand sides as 
well as the nature and role of electricity price movements. 
There is a general trend towards electrification in Japan, and other 
industrialised economies, as users switch from using primary fuels to electricity 
(International Energy Agency (lEA) 1991 p 11 and pp 40-43). Electricity consumption 
in Japan grew much faster over the 1973-1991 period than demand for other fuels and 
residential electricity demand is a particularly important area of rapid growth in 
demand. This chapter decomposes growth in electricity consumption into a 
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component reflecting the increasing share of electricity in final energy consumption, 
and a component reflecting increasing energy consumption overall. 
In addition to interfuel substitution, the other main determinants of demand 
growth are electricity prices, prices of substitutes and income growth. The changing 
demand elasticities of these factors are derived in this chapter to help assess forecasts 
of future electricity demand. 
As a case study of one of the fastest growing areas of electricity demand, in 
the second part of the chapter a number of aspects of residential electricity demand 
are considered in detail. These aspects include the rapid growth in residential 
electricity demand in the late 1980s, the consequent induced demand for primary 
fuels, the likelihood that the high rates of growth will continue and the factors likely 
to mitigate the high growth rates. While commercial electricity demand also grew 
rapidly after the first oil shock and would also be useful to analyse, the data is less 
reliable for time series analysis than the residential electricity consumption data (Usuki 
and Onozaki 1988 p 17). 
The amount of primary energy consumed to meet increasing demand for 
electricity can be reduced by improving the efficiencies of electricity generation and 
supply. The last part of the chapter considers a number of strategies being pursued by 
the utilities to improve overall supply efficiency, including development of high-
technology high-efficiency generation processes and demand side management. The 
effectiveness of these strategies will influence the industry's future demand for 
primary fuels and hence Japan's aggregate energy intensity. 
ELECTRICITY DEMAND 
Final consumption of electricity in Japan grew seven-fold between 1960 and 1992, at 
mean growth rates of around 7 per cent per annum. This growth took place despite 
considerable improvement in the efficiency with which energy is used in most sectors. 
This growth in demand for electricity had a major impact on Japan's aggregate 
energy consumption levels and on aggregate energy intensity. The impact of higher 
demand for electricity on primary fuel consumption (total primary energy supply) was 
reduced by the increasing efficiency of electricity generation and some switching from 
fossil fuel based generation to nuclear and renewable electricity sources. In 1991 
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primary fuels for conversion to electricity accounted for some 25 per cent of total 
primary energy supply. 
Clearly, demand for electricity has boomed. This section considers three 
factors behind this boom: economic growth and structural changes; fuel switching and 
changes in consumers' preferences for energy; and relative pricing of electricity and 
other fuels. Each of these three factors behind increased electricity demand are 
considered below. 
Demand pull and structural change factors 
Earlier chapters have analysed the impact on overall energy consumption of structural 
and technological changes in the Japanese economy. These changes also affected the 
structure of electricity consumption in Japan and contributed to the seven-fold 
increase in electricity consumption between 1960 and 1992, with final consumption 
some 895 biUion kWh in 1992 (EDMC 1994). Apart from a brief period in the late 
1960s, the growth rate of electricity consumption has exceeded the growth rate of 
non-electricity energy consumption, and stayed close to the growth rate of GNP after 
the 1973 oil shock, when overall energy demand growth rates fell below GNP growth 
rates. 
Strong demand growth coincided with changing patterns of demand. Large 
industrial users took a smaller share of electricity generated commercially in 1991 
than in the 1960s, and Table 7.1 emphasises the increasing importance of the 
residential sector in electricity consumption. 
Table 7.1 Share of electricity demand by user type 
1965 1973 1991 
Large industrial users 58 52 40 
Small industrial users 17 18 15 
Offices 6 10 18 
Households 19 20 27 
Source: EDMC 1993a pp 168-69. 
Amongst the sizeable increase in electricity consumption, the share due to 
large industrial users has faUen. Earlier chapters noted that this feature is due in part 
to energy-saving measures which have boosted capture of waste energy for 
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conversion into in-house generated electricity. The amount of electricity generated in-
house by larger industrial users rose from 58 billion kWh in 1973 to 90 billion kWh in 
1991 (from 25 per cent of electricity requirements to 26 per cent, EDMC 1993a 
pp 170-173). 
While industrial users are providing more of their own electricity than ever 
before, Table 7.1 shows the dramatic surge in electricity consumption by offices and 
households. Commercial electricity consumption grew at around 7.3 per cent per 
annum between 1971 and 1986, due mainly to increasing commercial floor areas and 
increasing use of electronic equipment (Usuki and Onozaki 1988). Residential 
electricity consumption also grew at over 7 per cent per annum on average over this 
period, and this rate continued through the late 1980s. As an area of rapidly increasing 
demand for energy and as one showing increasing energy intensity (in contrast to the 
decreases in much of the rest of the economy) this chapter looks later at residential 
electricity consumption in detail. 
In addition to economic structural change and the rise of the service economy, 
Kibune (1990 p 24) points to three further factors behind the structural changes in 
electricity demand: 
i) greater use of electricity-consuming processes in high value-added 
manufacturing processes and service industries; 
ii) proliferation of electronic appliances; and 
iii) lack of focus on electricity as a target for energy conservation. 
Chapter 6 noted, for example, the increasing share of steel derived from 
electric arc furnaces, and also that these fumaces are being used to produce higher 
quality steels embodying more energy, primarily electricity. Technological advances 
are also leading to substitution between materials. Carbon fibre is a good example of 
an emerging Ught, strong substitute for steel that also embodies large amounts of 
electricity. Direct production of carbon fibre consumes some 12-25 kWh/kg, 
compared to 0.6 kWh/kg for steel (Kibune 1990 p 28) leading to higher energy 
content in goods using carbon fibre. 
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In the services sector, demands on service industries have increased along with 
capabilities to process and store information. While individual pieces of electronic 
equipment have become less electricity-intensive, not only are there more pieces of 
equipment in use (see below) but equipment is being used for longer periods. Demand 
for information stemming from international telecommunications traffic and machine-
to-machine transactions mean that 24 hour operation is no longer unusual. 
Private consumers and service sector users are using more electric and 
electronic appliances than ever before. On average, households had 1.5 electric fans, 
1 refrigerator and 1 television from the mid 1970s to the mid 1980s. In the last 
decade, however, permeation of room air conditioners has doubled (to just over 1 per 
household), ownership of a second television has jumped from 50 per cent of 
households to 80 per cent and permeation of microwave ovens and combined air 
conditioners/heaters has also doubled (MITI 1993a p 107). 
While the marginal efficiency of these units increased significantly between 
1975 and 1985 (MITI 1993a and ECCJ 1992, see next section), the average efficiency 
of appliances in use has improved more slowly, so that the increased number of 
appliances in use has driven overall household electricity consumption up significantly. 
On the other hand, growth in consumption of electricity supplied by the 
utilities to large industries slowed significantly, even without an emphasis on 
electricity conservation in industrial energy policies. Increased in-house electricity 
generation was a major contributor, along with the broader inter-sectoral 
restructuring covered in Chapters 4 and 5. Energy policies focused on electricity 
conservation measures in household and service industry sectors through regulations 
on appliance efficiency and campaigns to rationalise electricity use. Demand continued 
to grow, however, and only recentiy has residential and office electricity consumption 
emerged as a target for more specific energy conservation measures. These are 
discussed in detail in the next chapter. 
Electricity demand in Japan is closely linked to economic growth, and in particular to 
growth in per capita incomes. The structural factors above are also significant, but the 
trend linking electricity consumption and income is strong (Table 7.2). 
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Table 7.2 Electricity consumption and real incomes 
1965 1970 1975 1980 1985 1991 
Real per capita GNP (A) 1.04 1.65 1.93 2.30 2.68 3.39 
Final consumption of 
electricity (B) 14097 26910 36130 44024 50830 67118 
Index (B/A) 13.3 16.3 18.7 19.1 18.9 19.8 
Non-electricity energy 
consumption (C) 94441 184316 214953 220517 219722 264290 
Index (C/A) 90.8 111.7 111.4 95.8 81.9 77.9 
Source: GNP data from EDMC 1993a, pp 234-235 and energy data from 
General Energy Statistics 1992, annual tables. 
The data show a rapid increase in demand for electricity with the rising real 
per capita income in the 1960s. Since the mid 1970s the index (aggregate final 
electricity consumption/real per capita GNP) has maintained a fairly constant level at 
around 19. Only in 1991 did it edge up again, indicating a slightly higher 
proportionate rise in electricity consumption for the rise in real per capita incomes. 
This plateau in the index is quite striking, given the amount of structural change in the 
economy over the 1975-1991 period, the major adjustments in energy prices and the 
uneven economic growth through the period. Demand elasticities for electricity are 
discussed in more detail later in this chapter. 
It is also significant that the demand for non-electric forms of energy declined 
steadily over this period in relation to real per capita GNP. The index (aggregate final 
non-electricity consumption/real per capita GNP) has fallen fi-om 111 in 1975 to 78 in 
1991, showing a drift away from primary energy sources with increasing per capita 
incomes. 
As real per capita incomes continue to rise in Japan, the demand for electricity 
wHl also continue to rise. Japanese electric power industry demand forecasts are based 
primarily on forecasts of economic growth rates. Estimates generated by the Central 
Electric Power Council of Japan (CEPC), reproduced below in Table 7.3, project 
annual average increases in demand of well over two per cent. 
Demand for electricity is projected to continue to grow proportionately with 
projected economic growth rates, signifying industry expectations of income 
elasticities of electricity demand around 1. This is at odds with the aggregate income 
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elasticities for other forms of energy, discussed in earlier chapters, that were less 
than 1. Chapter 1 noted that the income elasticity of overall final energy consumption 
with economic growth in Japan between 1986 and 1992 was 0.84. 
Table 7.3 Forecast electricity demand 
Fiscal year (billion kWh) Projected annual average increase (%) 
1 9 9 r 1997 2002 1991-1997 1997-2002 1990-2002 
Total electricity 
sales 6742 7822 8738 2.5 2.2 2.4 
a actual demand 
Source: Central Electric Power Council of Japan, Heisei 5-Nendo Denryoku 
Choki Keikaku no Yoran, [Long-term Electric Power Facilities 
Development Plan 1993], May 1993. 
Since electricity is a secondary energy source, a number of strategies are 
available that will help manage the increase in demand while limiting the growth in 
primary energy consumption induced by increasing electricity demand. If electricity 
can be supplied at increasingly efficient generation/conversion rates, thus using less 
primary fuels, it is possible that the growth in electricity demand could induce a lesser 
growth rate of primary fuel consumption. Some of the options include increasing 
efficiency of supply, changing the primary fuel mix, limiting demand (demand side 
management), price adjustments, and implementation of nuclear and new renewable 
generation technologies. Electricity supply issues are taken up in the last part of this 
chapter. 
Economic structural change and increasing incomes have led to strong growth 
in electricity demand, with rates of electricity demand growth (particularly in the 
residential sector) equivalent to or higher than rates of GNP growth. The following 
section looks in more detail at the nature of the switch in energy demand from 
primary fuels to electricity. 
The switch to electricity 
Growth rates of electricity consumption exceeded growth rates for both GNP and 
final energy consumption for most of the postwar period, suggesting that electricity is 
an increasingly popular substitute for primary fuels. Some of this growth was due to 
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direct substitution and the share of electricity in total energy consumption has 
increased sharply. 
Total primary energy supply has two main components: primary fuels burnt as 
energy sources; and fuels consumed to produce secondary energy sources, principally 
electricity, town gas and coke. The share of total primary energy supply directed to 
thermal electricity generation rose from 9.5 per cent in 1953 to 24 per cent in 1992 
(see Figure 7.7 below). In terms of final energy consumption, the share of electricity 
grew steadily from around 10 per cent in 1953 to over 20 per cent in 1992 
(Figure 7.1). 
Figure 7.1 Share of electricity in final energy consumption 
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Source: General Energy Statistics 1992, annual energy balance tables, pp 284-
360, EDMC 1994, pp 16-17. 
The rate of the switch to electricity has not been constant. Figure 7.1 shows 
the slower rate of growth of electricity's share in the 1960s coinciding with the very 
strong growth of the energy-intensive industries that tended to favour consumption of 
primary energy over electricity. The figure also shows the strong and sustained 
growth in the share of electricity since the early 1970s. 
The extent of the shift from primary fuels to electricity is clear when rates of 
growth of consumption are compared. Table 7.4 shows the high GNP growth rates of 
9 to 11 per cent per annum during the period of rapid economic growth in the 1950s 
and 1960s, which slowed after the oil shock in 1973. Final energy consumption grew 
even faster than GNP through the high growth period — due in particular to the 
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growth of the heavy, energy-intensive industries which pushed up aggregate energy 
intensity. Aggregate energy intensity has been falling since the oil shock. 
Table 7.4 Comparison of electricity consumption and other key growth 
rates® 
1960/55 1965/60 1970/65 1975/70 1980/75 1985/80 1991/85 
GNP growth 9.1 9.2 11.0 4.5 4.5 3.8 4.5 
Non-electricity energy 9.2 10.6 14.3 3.1 0.5 -0.1 3.1 
consumption growth 
Electricity 15.1 11.3 13.3 6.6 4.5 3.2 4.4 
consumption growth 
Aggregate energy 0.5 1.4 2.9 -0.9 -3.3 -3.2 -1.0 
intensity growth 
a Annual growth rates derived by solving 
[growth over period] = (l+[annual growth 
Source: GNP data from EDMC 1993a pp 232-235; final energy consumption, 
electricity and non-electricity energy consumption from General 
Energy Statistics 1992 data for each year, pp 288-360. 
Evidence of increasing electrification lies in the difference between electricity 
growth rates and non-electricity energy consumption growth rates. Electricity 
consumption growth rates exceeded non-electricity energy consumption growth rates 
for all periods except the late 1960s (due then to growth in primary fuel-intensive 
heavy industries). Electricity consumption growth rates were equal to or above GNP 
growth rates until the mid-1980s. Demand elasticities for electricity are considered in 
more detail below. 
As the Japanese economy continues to mature, electricity is becoming the 
preferred energy source for many uses. Electricity is taking an increasing share of final 
energy consumption (24 per cent in 1992) and electricity generation is taking an 
increasing share of primary energy consumption (21 per cent in 1992). The next 
section decomposes the growth in electricity consumption to determine how much is 
due to direct substitution between energy sources. 
Components of growth in electricity demand 
The growth in electricity consumption can be decomposed into two components: the 
component attributable to the increase in the share of electricity in final energy 
236 
consumption (the substitution component); and the component attributable to the 
growth in total energy consumption. 
These two components were derived in Chapter 2 using the same 
decomposition by differencing approach applied here in earlier chapters and described 
in Proops et al (1993). Using the central difference approximation, the change in 
electricity consumption levels (E) can be decomposed into: 
AE = (SrSo)(Co+CO/2 + (CrCo)(So+S,)/2 
where 
So is the share of electricity in final energy consumption at the beginning of the 
period; 
St is the share at the end of the period; 
Co is fmal energy consumption at the beginning of the period; and 
Ct is final energy consumption at the end of the period. 
The first term on the right hand side corresponds to the substitution component, and 
the second term corresponds to the growth component. As there are only two 
variables there is no remainder term in the approximation. 
The results of this decomposition are shown in Table 7.5, below. 
Table 7.5 Components of growth in electricity consumption 
(mkWh) 
1960/55 1965/60 1970/65 1975/70 1980/75 1985/80 1991/85 
substitution 1093 384 -396 3813 5805 5741 4408 
component 
growth 2783 5523 13209 5406 2088 1064 11879 
component 
total 3877 5908 12813 9220 7894 6806 16288 
increase 
Source: Data from General Energy Statistics 1992, annual tables. Components 
derived by applying formulae above. 
The table shows the extent to which electricity lost some ground to primary 
fuels in share terms during the high growth of the late 1960s, with the substitution 
component negative for this period, though the growth of final energy consumption 
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induced substantial growth in electricity consumption. In the late 1970s and early 
1980s the substitution component was significantly larger than the growth 
component. The late 1980s saw another period of high growth in overall energy 
consumption, with the substitution component again falling to around one-third the 
growth component. 
These results are consistent with those of Awata (1989) who decomposed 
changes in energy and electricity demand into a number of components reflecting 
substitution and structural change. Substitution and rising GNP were the main factors 
pushing industrial, residential and commercial electricity consumption up, and 
improving efficiencies of electricity use the main factor acting to restrain electricity 
consumption (Awata 1989). 
The analysis here has shown the significance of fuel switching in driving up electricity 
demand since the first oil shock. It has also demonstrated the importance of overall 
energy demand growth as a driving force behind electricity consumption growth 
during a period of high economic growth. 
The following section considers the own-price and cross-price elasticities of 
electricity and their impact on electricity demand. 
Pricing and elasticities of demand 
Table 7.4 showed the extent of the strong demand for electricity since the 1960s ,with 
electricity consumption growth rates exceeding the growth rates of non-electricity 
energy consumption, and being of the same order as the growth rate of GNP. This 
strong growth in electricity demand has taken place despite significant primary fuel 
price rises and the consequent electricity price rises. Price and income elasticities of 
electricity demand are derived here from published price and consumption data to help 
understand the links between energy prices, economic growth and electricity 
consumption. 
Electricity price index movements are closely correlated with crude oil prices 
(Figure 7.2). However, inspection suggests that while the electricity price index 
followed real oil prices up quite closely, it did not follow real oil prices down as far or 
as fast after the second oil shock. Electricity price movements have lagged movements 
in crude oil price both in time and scale since the 1960s. The lag is most pronounced 
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in the late 1980s when crude oil prices began declining. While there was a slight fall in 
real retail electricity prices, the high mid-1980s levels were approximately maintained 
through the 1980s. 
Figure 7.2 Retail electricity price movements and real oil prices 
• Electricity retail index 
(1990=100, left scale) 
• Real crude price 
(Y1985/1, right scale) 
Source: EDMC 1993a pp 44-47. 
Despite these high prices and the emergence of a clear price differential 
between electricity and oil as real oil prices fell in the mid 1980s, demand for 
electricity stayed high and consumption continued to grow. Figure 7.3 shows the 
steady growth in final electricity consumption through the periods of oil and 
electricity price fluctuations. 
Figure 7.3 Electricity consumption and electricity/fuel prices 
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Source: Price data from EDMC 1993a pp 44-47, electricity consumption data 
from General Energy Statistics 1992, annual tables. 
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Figure 7.1 above showed the steady increase in the share of electricity in total 
energy consumption through these changing price environments, suggesting that 
demand is relatively price inelastic. Figure 7.3 supports this hypothesis, with a poor 
correlation between electricity price and consumption (0.813). Figure 7.4 plots 
demand for wholesale electricity against the wholesale electricity price index. 
Figure 7.4 Wholesale electricity price and demand 
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Source: Derived from EDMC 1993a pp 44, 168-169. 
Figure 7.3 showed the major electricity price jumps in 1974 and 1979-80, and 
a period of steadily falling prices since 1986. These periods correspond to the two 
main discontinuities in Figure 7.4 at around 300 billion kWh and 400 bilhon kWh. 
While the price index remained virtually unchanged between 1965 and the first oil 
shock, demand for electricity trebled. Demand increased both through price rises 
(300-400 billion kWh) and price falls (400-1- biUion kWh), though the increases were 
not as great with prices rising. 
Chapter 2 presented results from work by Itoh (1992) estimating own-price 
and income elasticities for all energy in Japan. These results covered the 1965-1980 
period, and did not differentiate between different energy types. Results of 
econometric estimation of price and income elasticities for electricity demand for the 
1965-1992 period are presented below. 
The estimation uses a simple model of electricity demand which assumes a 
period lag between price changes and adjustments to consumption: 
consumption: = tti + a2price(t-i) + ascrude price(t-i) + ouGNPt + remainder 
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where: 
consumptiont = total volume of electricity consumed in year t - residential, 
commercial and self-generated electricity (mkWh); 
price(t-i) = index of average electricity prices in the year before year r, 
combining both retaU and wholesale electricity price indices 
weighted by share of electricity consumed (¥/k:Wh, 
1985=100); 
crude price(,.i) = price of crude oil in the year before r (¥1985/ld); 
GNPt = GNP in year f ( b ¥ 1985). 
Data used cover the period 1965-1992, and the equation was estimated in log form 
using Ordinary Least Squares. Results of the estimation are shown in Table 7.6 
Table 7.6 Estimation of electricity demand elasticities 
a i 0C2 a 3 0 4 
coefficient -2.69 -0.231 0.0932 1.29 
T-ratio -4.624 -4.023 4.411 25.923 
R- = 0.9971; Durbin-Watson statistic = 1.24 
Note: With quantity supplied essentially open-ended to users there is a good 
argument that the consumption data are independent. Changes in price 
effectively shift the supply curve and with equilibrium quantities the 
outcome, the consumption data maps the demand curve. 
The results of the estimation, over the whole period, suggest that the own-
price elasticity of demand is small (-0.23) with electricity a normal good, confirming 
the relationship shown in Figure 7.3, while the cross-price elasticity with crude oil is 
smaller, and the two energy forms are substitutes. The income elasticity is above 
unity, indicating a higher proportional increase in electricity consumption with 
increases in GNP. These results are consistent with other estimations for all energy 
(see Table 2.2), and with Itoh's results of income elasticity for electricity around 1.4 
for the late 1970s, above that for non-electricity energy sources (Itoh 1992, 
Table 2.6). 
Estimation of other functional forms shows that inclusion of a lagged 
dependent variable in the log-log form of the equation above results in a Durbin-
241 
Watson statistic of 1.9, and a short-run income elasticity of 0.63. With the coefficient 
on the lagged dependent variable 0.54, the long-run income elasticity is 1.37 
[=0.63/(1-0.54)]. The Durbin-Watson statistic of around 2 confirms that though the 
consumption data is strongly trending, the errors are still random and there is no 
evidence here of cointegration. 
The model (without the lagged dependent variable) was run over two sub-
periods, 1965-73 and 1974-92, to test for structural change. The results of the Chow 
test of F(4. 19) of 5.862 indicates that the null hypothesis of no structural change is 
rejected at the 1 per cent level. Estimation of elasticities for the two sub-periods are 
Hmited by the smaller data sets, and the coefficients are not significant at the 10 per 
cent level. 
Itoh (1992 p 18) shows that residential income elasticities for all energy 
sources were higher over the 1970-88 period than industrial income elasticities, 
suggesting that residential energy demand growth is a major force behind overall 
energy consumption growth. 
Itoh (1992) estimated the own-price elasticity of electricity demand to be -0.4 
in 1980 and on a rising trend through the 1970s, smaller than the demand elasticities 
of non-electricity energy sources, indicating that demand is less responsive to price 
changes. Perkins (1989) also estimated the own-price elasticity of electricity demand 
to be rising after 1973, and falling after the mid 1980s. 
Electricit}' is emerging as the preferred energy source for both commercial and 
domestic users. Economic structural change, growth, rising living standards and 
changing technologies have induced rapid growth in electricity demand, with demand 
growth of the same order as GNP growth, while the elasticity of overall energy 
consumption growth has fallen below 1. Electricity is taking an increasing share of 
final energy consumption, and consequently electricity generation is taking a larger 
share of total primar}' energy supply. The bigger share of electricity in final energy 
consumption is due to both switching between fuels, and to the return in the late 
1980s to a period of higher overall energy demand growth rates. 
The analysis above shows that demand for electricity is not affected greatly by 
prices — own-price or cross-price — and with the price rises being sharp and adding 
discontinuity to price/consumption data, the period of rising electricity prices in 1974-
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82 saw increasing demand for electricity. This period coincides with a period of a high 
proportion of growth in electricity demand due to fuel switching. This suggests that 
the higher prices for energy sources other than electricity, together with security and 
technology concerns, made the alternatives to electricity less attractive than electricity 
itself. 
As a case study of how growth and structural factors have combined to 
influence demand for electricity, the next section looks in detail at residential 
electricity consumption. 
RESroENTIAL ELECTRICITY DEMAND 
Rising electricity consumption levels in households are a significant upward pressure 
on Japan's aggregate energy intensity. As the earher chapters have shown, in most 
sectors of the Japanese economy aggregate energy intensity has been declining. Yet 
the fall in aggregate energy intensity was arrested in the late 1980s and even reversed 
slightly in the early 1990s. One of the keys to the end of this declining trend in Japan's 
aggregate energy coefficient is increasing intensity of electricity use, particularly in the 
household sector. 
Growth rates of household electricity consumption are tied to rising incomes 
and are part of the 'modal shift' in Japan's energy economy which is seeing energy 
consumption growth no longer being driven by industry and primary fuels 
(Kibune 1990 p 24). Structural factors underlying the high rates of household 
electricity demand growth are analysed below, and the discussion suggests that as per 
capita incomes continue to rise household electricity consumption will become a more 
important factor in determining future electricity intensities. The following discussion 
highlights the scale of household electricity consumption growth and its main causes, 
and discusses the implications for Japan's overall energy intensity. 
Household electricity consumption accounted for some 25 per cent of total electricity 
consumption in 1992, up from 17 per cent in 1965 (General Energy Statistics 1992). 
Figure 7.5 shows that the level of electricity consumption in households increased 
much more rapidly than consumption of other fuels. Electricity generation accounted 
for around 25 per cent of Japan's consumption of primary fuels in 1992 and the 
increasing electricity consumption in households has induced significant primary 
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energy consumption in electricity generation and is thus a significant force pushing up 
aggregate primary energy consumption and energy intensity. 
Figure 7.5 shows the steady increase in Japanese household total energy 
consumption, and the rapidly increasing share of electricity and decreasing share of 
coal as energy sources. 
The level of household total energy consumption has risen steadily since the 
early 1960s. The total levels appear to have been less affected by fuel price changes 
— like the 1973 and 1979 oil price shocks — than by economic conditions like the 
slowdown in 1981 which followed the second round of oil price rises. Breaking up 
total energy consumption into the different main fuels shows the major change to be a 
drift towards electricity. Electricity is supplying a rapidly increasing share of 
household energy needs: 23 per cent in 1965, 30 per cent in 1975, 34 per cent in 
1985 and 38 per cent in 1992 (EDMC 1994). Coal is now only a minor source of 
household energy requu-ements, and the importance of LPG and town gas has been 
growing steadily but quite slowly. Solar thermal (mainly hot water heating) 
contributes a growing, though small, proportion of household energy needs. 
Figure 7.5 Household total energy consumption 
O solar thermal 
• electricity 
S town gas 
S Ipg 
• kerosene 
• coal 
Source: EDMC 1994 p 68-69. 
Part of the overaU rise in energy consumption levels is due to an increase in 
the number of households. But not all the rise is explainable in this way as household 
energy intensity, energy consumption per household, has also been rising steadily. 
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Household electricity intensity in particular rose quickly, especially in the 1980s 
(Table 7.7). 
Table 7.7 Household energy intensity 
1965 1970 1975 1980 1985 1991 
Electricity consumption 2438 4579 7808 10313 12693 17033 (lObkcal) 
Total energy consumption 10696 18327 25575 30486 37313 44051 
(lObkcal) 
Number of households 24.65 29.14 33.31 35.83 38.45 41.80 (million) 
Electricity consumption per 989 1571 2344 2878 3301 4075 
household (1000 kcal/h'hold) 
Total energy consumption per 4338 6289 7678 8508 9703 10539 
household (1000 kcal/h'hold) 
Source: Derived from EDMC 1993a p 68. 
The table shows the rapid growth in household total energy intensity and the even 
more rapid growth in household electricity intensity. These data are shown in more 
detail in Table 7.8. 
Table 7.8 Mean annual per-household energy intensity growth rates^ 
1965-70 1970-75 1975-80 1980-85 1985-91 
Electricity 9.7 8.3 4.2 2.8 4.3 
Non-electricity 7.1 2.5 1.1 2.6 0.2 
All energy 7.7 4.1 2.1 2.7 1.7 
a mean growth rate = (final intensity/initial intensity)^^^™* '^ - 1. 
Source: As for Table 7.7, growth rates are mean annual growth rates over the 
five or six-year periods found by solving the relationship above. 
The growth rate of household electricity consumption was far greater than for 
the other household fuels, with average annual growth over the 1965-91 period some 
5.7 per cent per year. Average annual growth for the other energy sources was 
2.5 per cent per year. The rate of electricity consumption growth fell from over 
8 per cent per annum during the first part of the period overall, bottoming in the early 
1980s at 2.8 per cent per annum before climbing again. This trend is parallel to the 
overall energy consumption growth rate trend, but at a higher level. These results are 
consistent with those of Koga and Wakasa (1990) who predict significant increases in 
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electricity consumption over the next two decades, with growth rates of around 
1-2 per cent per year expected to continue. 
The difference between growth rates in electricity consumption per household 
and non-electricity consumption per household narrowed in the early 1980s. 
However, the gap began widening again in the late 1980s, indicating that with falling 
prices and income elasticity over 1, electricity consumption is continuing to exert 
strong upward pressure on total residential energy intensities. 
The growth rates of household electricity intensity are also high relative to 
other energy-related growth rates. Since the mid 1970s, for example, the annual 
growth rates of final energy consumption (Table 7.4) have been 1.5 to 4 percentage 
points lower than the rates in Table 7.8. 
Electricity is emerging as the clearly preferred energy source for residential needs. 
Growth rates of household electricity consumption have been much higher than other 
key growth rates. But more significant in aggregate energy terms is the strong growth 
in electricity consumption per household in Table 7.8. With energy intensities 
declining in most of the economy, the increasing intensities in the household sector 
will push up electricity intensities overall, and this will have implications for Japan's 
aggregate energy intensity as well. 
Structural factors behind increasing household electricity consumption 
There have been consistently high rates of growth in household electricity 
consumption and steady increases in household energy intensity since the mid 1960s, 
in marked contrast to declining energy intensities in most other parts of the economy. 
This suggests that there are significant differences in the emerging structure of 
household energy demand with respect to the nature of energy demand in other parts 
of the economy. 
Most residential energy is used for heating hot water (33 per cent in 1992), 
followed by electric motors (31 per cent) and heating (26 per cent) (EDMC 1994). In 
1965 these proportions were 19 per cent, 34 per cent and 31 per cent respectively. 
Demand for running hot water has increased in Japan as lifestyles have improved, and 
recently received another boost from a trend towards showering in the morning — the 
so-called 'asa-shan or morning shampoo. The main fuels consumed in hot water 
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heating are town gas and LPG. Kerosene is still the major source of home heating, 
though it is declining, being replaced by electricity and gas. 
In households, most electricity is used in electric motors and appliances 
(79 per cent of electricity consumption in 1992, down from 83 per cent in 1965). Hot 
water heating takes 6 per cent (unused for this purpose in 1965), space heating 
another 6 per cent (down from 8.5 per cent in 1965), cooling 5 per cent (up from 
2 per cent) and other kitchen uses 4 per cent (down from 7 per cent) (EDMC 1993a 
p 74). Marked rises have been recorded recentiy in electricity demand for space 
heating and appliance powerAighting around the home (Kudo 1993 p 47). Electric 
carpets, for example, have become rapidly more popular, and were used in more than 
half of all households in 1990, despite only appearing on the market in 1987. While its 
uses are changing, the increasing overall share confirms that electricity is the most 
rapidly growing household energy source. 
Rising per capita incomes have affected economic structure and household 
energy demand in a number of ways. The variety of structural factors driving the 
increasing electricity intensit}' in households includes: lifest>de changes with increased 
per capita incomes, improved living standards and larger homes with more diverse and 
widespread use of electronic technology. 
Roor area, for example, has increased steadily, especially in owner-occupied 
housing, where it climbed from an average of 90 square metres in 1963 to 117 square 
metres in 1988 (Building Centre of Japan 1992). Residences are not only becoming 
larger, but are becoming more energy intensive per unit area. Energy consumption 
(including electricit}') per unit of floor area has also increased, from 7,471 Mcal/unit 
in 1975 to 9,828 Meal in 1990 (Mitsui 1992). 
Most energy used in homes is for hot water and space heating, both uses 
accounting for a small share of electricity consumption. Some measures are in place to 
improve the efficiency of residential end-use of energy, though household energy 
conserv ation measures focus only on space heating/cooling and appliance use through 
insulation and appUance efficiency standards. Iguchi (1991) suggests that a package of 
measures for improved insulation, passive solar housing, installation of high-efficiency 
gas and electric heat pumps and solar hot water heaters would be cost effective as the 
savin2S in enersv costs would be ereater than the costs of implementing the measures. 
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Table 7.8 showed that high rates of electricity consumption growth continued during 
periods of electricity price rises. 
The usefulness of electricity price setting as a means to curb rapid demand 
growth is tempered by the low share of energy expenditure in household budgets. In 
1990, for example, expenditure on energy accounted for only 4.5 per cent of average 
household budgets, leading Ikuta (1991 p 10) to suggest that incremental gains make 
little difference and a many-fold price increase would be necessary before significant 
reductions in energy consumption would be observed. 
Since electricity is not a major source of space heating energy (though use is 
growing), insulation requirements have had httle effect on electricity consumption. 
There have been some changes, however, in the proportion of energy used in space 
heating. The share of energy consumption used on space heating has gone down over 
the past two decades (from 30 to 26 per cent), suggesting a combination of space 
heaters becoming more energy efficient (since floor areas have also increased) and 
that more energy is being used for other purposes. This is likely to be in part due to 
improved insulation. A recent review of govemment regulations has again boosted 
minimal insulation requirements (Sho Enerugii Senta [Energy Conservation Centre of 
Japan] 1992). 
The impact of insulation on electricity consumption has not been significant as 
electricity is just beginning to play a significant role in space heating. Appliances 
though, are direct users of electricity and improved appliance electricity efficiency 
standards should have an impact on electricity consumption levels in the long term. 
Appliance efficiencies improved significantly after the first oil shock, and by 
the early 1980s the standard refrigerator used only one-third the electricity of its 1973 
counterpart and room air conditioners used 60 per cent of the electricity of their 
counterparts. Since the mid 1980s, however, there has been no change in unit 
electrical efficiency and the data on the technical efficiency of common appliances 
indicates a tapering off of the initial rapid increase in efficiency gained in the 1970s 
(ECCJ 1992). Furthermore, the impact of this technological change towards products 
of higher unit efficiency has been limited by the stock of older units. The average 
efficiency of these appliances is not as high as the marginal efficiency of the newer 
units. 
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While the stock takes time to turn over, consumers are also expressing 
preferences for larger units and more units in the home. Kibune (1990 p 29) suggests 
that the size and capacity of apphances now selling amounts to a trend of apparent 
steady growth in appliance size. Stock average efficiency thus shows little overall 
improvement (MITI 1993a). Furthermore, many appliances like refrigerators, 
televisions and air conditioners now have permeation indices of over 100 per cent, 
indicating more than 1 unit per household. The energy efficiency of a standard 
television improved by 40 per cent between 1973 and 1983, but some 80 per cent of 
households now have two television sets (MITI 1993a p 107). Appliances frequently 
have longer operating hours as well, and there is an ever-increasing array of new 
apphances. AU these trends tend to dilute marginal efficiency gains. 
Surveys by the Energy Conservation Centre show that larger families in the 
middle-income band tend to acquire multiple units (televisions, refrigerators etc) 
(ECCJ 1990). Airconditioners are a major contributor to the sharp midday summer 
electricity demand peaks in central and southem Japan and purchase of second (and 
often third) units is cause for concem for the utilities (JEPIC 1992 p 5). Most of these 
units are in dining rooms and bedrooms. Surveys suggest that acquisition does not 
completely equate with use, however, as some 50 per cent of households with more 
than one airconditioning unit have only one running at a time (Higashida 1994). 
Household energy consumption (especially electricity consumption) has increased 
rapidly since the mid 1960s with growth rates well above growth rates for GNP and 
primary energy supply. Households also show increasing energy (particularly 
electricity) intensities both per household and per unit floor area. Higher energy 
consumption is linked to higher incomes through net wealth effects, Ufestyle and 
quality of life changes —such as larger homes and more purchase and use of 
electricity consuming apphances. 
Residential electricity consumption (hke economy-wide electricity 
consumption) has not been a focus for energy conservation, though insulation 
requirements are increasing and apphance efficiency standards improved dramatically 
through the 1970s. The rate of improvement of appliance efficiencies slowed in the 
1980s, at the same time as a preference emerged for larger units and more units per 
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household. These latter factors are pushing up household electricity consumption, 
despite the increases in marginal efficiencies of appliances through the 1970s. 
Residential electricity consumption has been a major factor behind growing 
residential consumption of energy overall. Greater demand for electricity brings 
greater consumption of primary fuels to meet supply needs, pushing up aggregate 
energy consumption and, with increasing household electricity intensities, aggregate 
energy intensity as well. 
Analysis of electricity demand shows that economic structural change and 
higher living standards have pushed electricity consumption up despite the increases in 
price. The link between incomes and electricity demand identified above suggests that 
continuing economic growth will push up primary energy demand further as electricity 
demand continues to increase. The electric utilities are significant consumers of 
primary energy, with change in the patterns of energy consumption of the utilities 
impacting on aggregate energy consumption and intensity levels. But the impact of 
increasing electricity demand on primary energy supply (and hence on aggregate 
energy intensity) may be mitigated by the supply strategies of the utilities in Japan. 
The last part of this chapter considers in more detail the processes of generating and 
supplying electricity to meet increasing demand. 
EFFICIENT ELECTRICITY SUPPLY 
The electric power industry is a major primary energy consumer. Electricity supply-
side issues including fuel use and efficiency of generation and distribution are very 
important in overall energy consumption and energy intensity levels. Structural change 
and technological change in the industry between 1973 and 1991 accounted for 
6 per cent of the decline in Japan's overall energy intensity. 
The industry has adopted electricity supply strategies motivated by primary 
fuel price and security concerns, and more recently by environmental concerns as well 
(Tokyo Electric Power Company (TEPCO) 1993 pp 1-4; TEPCO 1992b p 3). Major 
increases in primary fuel prices since 1973 flowed through to electricity prices 
charged to consumers (Figure 7.4), though these prices have not fallen appreciably 
since the mid 1980s despite the sizeable falls in crude oil prices. 
Electricity is generated in Japan commercially by ten electric power 
companies, with nine on the main islands of Honshu, Hokkaido, Kyushu and Shikoku, 
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and the tenth on Okinawa. In 1992 these utilities had an installed generating capacity 
of 179 million kW (JEPIC 1992). Electricity is also generated in-house by many 
industries, either through capture and re-use of waste steam or gas (such as in the iron 
and steel industry) or from captive plants using bought-in fuels. In 1991 electricity 
generated in-house accounted for 105 billion kWh, or 26 per cent of all electricity 
generated, with the balance, 661 billion kWh (74 per cent) from the ten electric power 
companies. Internationally, this proportion of in-house generated electricity is very 
high. Germany has the next highest proportion (at 15.1 per cent) while the proportion 
in other industrialised countries is lower at between 4 and 7 per cent (Sangyo 
Kenkyujo [Industry Research Centre] 1990 p 31). In-house electricity generation uses 
mostly fossil fuels and recovered energy, commercial generation uses nuclear and 
fossil fuels as well as hydro-electricity and some 'alternative energies' like solar 
sources. 
Of the ten electric power companies in Japan, the Tokyo Electric Power 
Company (TEPCO) is the largest. Sales of 227 biUion kWh to over 23 milHon 
customers in 1992 made TEPCO the second largest electricity supply company in the 
world (after France's EDF) and almost double the size of Japan's next biggest utility, 
Kansai Electric (TEPCO 1992a p 1). 
From the standpoint of energy intensity, thermally-generated electricity is the 
most important component of the electricity industry. Japan, however, has a relatively 
high proportion of nuclear-generated electricity at 32 per cent in 1991 (Figure 7.6), 
though this proportion is below France (around 83 per cent), the Republic of Korea 
(around 50 per cent) and the smaller European countries (around 42 per cent) 
(EDMC 1994 pi99). As with most industrialised economies the proportion of nuclear 
generated electricity in Japan has growTi rapidly since the mid 1970s and, as discussed 
below, both MITI and the power companies are planning for this growth to continue. 
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Figure 7.6 Sources of electricity generation (utilities) 
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The discussion below focuses on thermal generated electricity using fossil 
fuels as this accounts for almost one quarter of Japan's total primary energy supply 
(Figure 7.7) and has the greatest imphcations for Japan's aggregate energy efficiency. 
There is energy consumed in the construction of nuclear and hydro facilities, but this 
chapter considers energy flows rather than stocks. 
Figure 7.7 Share of total primary energy supply supplied to thermal 
electricity generation 
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Source: General Energy Statistics 1992, annual tables and EDMC 1994 
pp 16-17. 
Thermal electricit}' generation consumed some 119,818 x 10^°kcal of energy in 
1992, 24.4 per cent of total primar>' energy supply. The efficiency of thermal facihties 
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in converting fuels to electricity is thus crucial to the energy efficiency of the 
electricity generating sector of the economy and to the sector's impact on the nation's 
gross energy intensity. 
Overall, primary fuel consumption per unit of electricity generated has been 
declining, from 230 loe (litres of oil equivalent) /kWh in 1981 to 225 loe/kWh in 1991 
(General Energy Statistics 1992). Thermal efficiency has been improving steadily to 
over 38 per cent, high by intemational standards (Table 7.9). The highest commercial 
efficiency attained in 1992 was 44.3 per cent at a combined-cycle plant in Tohoku 
(JEPIC 1992). 
Table 7.9 International thermal efficiency 
Japan France Geiiiiany UK Spain USA 
Thermal 
efficiency (%) 
38.6 34.5 39.5 35.0 35.1 34.4 
S ource: Kinouchi 1990 p 47. 
Aggregate thermal efficiency at the supply end is influenced by the mix of fuels 
used in generation, and increased sHghtly from 38.1 per cent in 1973 to 38.8 per cent 
in 1992 (EDMC 1994). Figure 7.6 showed the trends in the mix of fuels used by the 
utilities. 
Figure 7.6 showed the increasing proportions of nuclear and LNG sourced 
electricity. Both sources grew rapidly in importance through the 1970s and early 
1980s as capital-intensive but reliable and environmentally less damaging alternatives 
to over-reliance on crude oil. Coal and oil have re-emerged as important sources of 
energy for electricity generation since the mid 1980s, following the long, steady 
decline in use after the first oil crisis. 
Hydroelectricity has continued to produce around 65 billion kWh since the 
1950s w^hen the last big hydro-electric developments were completed. Output has 
stayed at around this level for most of the post-war period, but has reached up to 
92 bUUon kWh, with the peak output a combination of higher capacity utilisation and 
increasing use of pumped-storage hydro systems. Pumped-storage accounted for 
18.2 miUion kW of capacity in 1992 (48 per cent of total hydroelectric capacity). 
TEPCO, for example has 156 hydroelectric stations with a total capacity of 
6.7 million kW, wdth 4.6 milUon kW (69 per cent) from pumped-storage facilities. 
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The mix of fuels itself has an impact on aggregate thermal efficiency, as each 
fuel has a different overall conversion efficiency. A simple measure is number of Watt-
hours produced per kilocalorie equivalent input of primary fuels. This measure, an 
aggregate measure, absorbs the range of ages and efficiencies of plants using the three 
main fuels (coal, oil and LNG). Using 1992 data (EDMC 1994 pp 176-177 and 
168-169) and the kilocalorie conversion factors in Appendix A, in 1992 LNG 
produced 0.52 Wh/kcal, coal produced 0.41 Wh/kcal and oil 0.40 Wh/kcal. This 
reflects to some extent the older age of oil-fired stations compared to the newer 
LNG-fired plants and helps explain the slight rise in overall thermal efficiency which 
has taken place alongside the introduction of LNG as a major fuel. 
Along with security of acquisition concerns, fuel cost has been an important 
factor behind the changing fuel mix shown in Figure 7.6. Costs per kWh of generated 
electricity depend in large part on fuel costs, though overall cost structures 
incorporate construction costs and expectations on plant life as well as fuel costs. The 
most cost-effective type of power station has varied over the last three decades with 
changes in relative prices and technologies. 
In the 1950s hydroelectricity was the cheapest overall electricity source to 
build and run, but sites were hmited (Yuasa 1988). In recent years, pumped-storage 
has been used to level loads by pumping water during periods of low demand for 
release for generation during periods of high demand. In the 1960s oil-fired stations 
were 15-17 per cent cheaper to build and run than coal, but in the late 1970s coal 
prices increased less than oil, and coal-fired thermal stations regained a cost 
advantage. Incorporating construction, running and maintenance costs and plant life, 
nuclear stations were the cheapest overall to build and run in the late 1970s 
(Yuasa 1988). 
Japanese analysis suggests that one of the reasons behind the re-emergence of 
coal as a fuel for electricity generation in the 1980s is a slight cost advantage over 
alternatives. Once construction costs, fuel costs, maintenance costs and plant life are 
taken into consideration, new coal fired power stations with 'clean' technologies were 
estimated to be marginally cheaper to build and run than nuclear counterparts over a 
20 year plant life (Yuasa 1988). 
Based on new facilities built just before, or under-construction in, 1987 Yuasa 
estimated 1988 construction costs as ¥318,000/kW for nuclear, ¥ 225,000/kW for 
254 
coal, ¥167,000/kW for oil and ¥218,000/kW for LNG (Yuasa 1988 p54-56). Yuasa 
estimated generation costs (combining capital, operating and fuel costs) at 
¥10.21/kWh for nuclear, ¥10.27/kWh for coal, ¥11.28 for oil. 
These estimates use the same interest and exchange rate predictions, and 
emphasise the high capital costs of nuclear stations. Changes in fuel prices have a big 
effect on running and overall costs of the thermal facihties. A 1992 study using similar 
methodology, found that with modest projections on fuel price rises nuclear stations 
will become l -1 .5¥/kWh cheaper than coal through until 2000 because of the high 
construction costs of clean coal-buming facilities (Seki 1992). High-efficiency 
combined-cycle LNG thermal stations are comparable to coal in overall cost at around 
11 ¥ /kWh with the strengthening yen helping offset any general fuel price rise effects. 
Projections on costs are ver>' sensitive to changes in construction costs and 
fuel price scenarios. Seki's results suggest that under a high fossil fuel price scenario 
nuclear generation costs would be slightly below coal-fired plants, but Yuasa argued 
that under low^ yen price scenarios coal-fired plants would retain a shght cost 
advantage (Yuasa 1988). 
While projections of generation costs for different fuels are quite sensitive to 
assumptions about interest rates and commodity prices, cost is just one of four main 
factors behind the changes in Figure 7.6. The other three factors are: thermal 
efficiency (related to generation cost); load requirements; and, more recently, CO: 
emission levels. The changes in fuels used to generate electricity reflect all these 
factors and other specific domestic concerns such as reduction of dependence on 
imported crude oil and difficulties with siting nuclear power plants. With capital-
intensive plants generally suppl>ing base-load electricity, the efficient use of other 
t>pes of capacit}' to meet and store electricity for peak demand is an important 
element of efficient electricity supply. The mix of base and peak load requirements are 
significant as Japan's demand for electricit>' varies significantly by season and hour of 
the day. Ikuta (1994 p 5) suggests that this limits the maximum possible share of 
nuclear-generated electricit>' to 50 per cent. 
Maximising efficiency of supply 
Separate from but complementary to the issue of the economics of construction of 
new capacit}' is the issue of maximising the efficiency of use of existing capacity. 
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Maximising the efficiency of use of existing capacity requires planning for peak loads 
and strategies to smooth the level of load and minimise the amplitude of the peaks and 
troughs. Electricity demand varies over two cycles: annual and daily. 
There is considerable annual variation in demand peaks and troughs across 
Japan, as the climate varies dramatically from the far south to the far north. The 
northern island of Hokkaido has a pronounced winter peak in electricity demand, for 
example, while the central and southem regions have a strong summer peak 
coinciding with demand induced by air conditioning needs. 
There is some scope for using a national network to trade electricity between 
regions and smooth these peaks on an annual cycle. The Central Electric Power 
Council (CEPC 1992 p 13) notes that 5.7 million kW will be made available through 
inter-regional cooperation. A long-term capital investment program is in place to 
install frequency conversion and voltage regulation systems. This shared capacity will 
delay construction of new capacity to meet peak loads and will thus improve 
allocative efficiency across Japan. Increasing output from regions of low electricity 
demand to meet demand in other regions will induce additional primary fuel 
consumption and so may not lead to a net gain in national thermal efficiency, despite 
the increase in allocative efficiency. The critical factor in determining whether or not 
this network will yield net thermal efficiency gains is the relative efficiency of 
generating capacity in the networked regions. 
Individual electric power companies have also concentrated on developing 
strategies for smoothing supply to meet fluctuating demand over 24 hour periods. 
Figure 7.8, below, shows the average daily pattern of demand in Tokyo. 
This fluctuating load level through the 24 hour day is steadily becoming more 
pronounced and provides options for 'load levelling', maintaining some base load of 
generation and storing under-consumed electric energy for use during peak time. The 
pumped-storage hydro process noted above is an example of this practice. Water is 
pumped up to a holding tank during the night when electricity usage is low, and is 
then released to flow back down through a hydroelectric generator in peak demand 
times. To the extent that this uses base-load electricity which is under-utilised at off-
peak times, it can yield more output for the same primary fuel input and thus 
contributes to net thermal efficiency gains. Demand-side efforts to reduce peak 
demand are discussed below under demand side management. 
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Figure 7.8 Electricity demand for Tokyo over a 24 hour period 
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Source: Tokyo Electric Power Company Statistical Review 1991-92, Tokyo 
Electric Power Company 1992 p 7. 
These processes — daily load levelling and annual load sharing — improve the 
efficiency of the delivery of electricity to consumers while minimising the impact on 
aggregate primar>' fuel consumption. The generating capacity of the utilities is also 
moderated by some trading with industries generating significant amounts of 
electricity in-house which both buy from and selling back to the grid. 
Flexible systems enhance the best economic use of current capacity. But the 
strong projected demand noted in the first part of this chapter requires steady increase 
in national electricity capacity, and strategies to meet these needs are discussed below. 
Future supply scenarios 
As the electricity industry is a major user of primary fuels, future demand for 
electricity and the consequent induced demand for primary fuels, will continue to have 
an effect on Japan's aggregate energy intensity. The long-term forecasts of electricity 
demand referred to in Table 7.3 set the broad parameters for electricity supply 
planning (CEPC 1993 p 2). 
The long-term forecasts are particularly important in the electricity industry 
given the long lead times and high capital costs of construction of new plants (thermal 
or nuclear), and the need to keep pace with increasing demand to avoid shortages, 
such as the brown-outs that occurred in Tokyo in the summer of 1991. The forecast 
supply structures give a good indication of the projected growth of demand for fuels 
257 
for thermal electricity generation, allowing assessment of the impact of the growth in 
electricity consumption on future overall energy intensity levels. 
The industry's aim is to balance economic, environmental and operational 
characteristics to secure long term stability of supply (CEPC 1993 p 2). The industry 
is continuing the active diversification of fuel sources that began in the 1970s, and the 
nine main utilities are considering cooperation between regions in Japan in a bid to 
improve national efficiency. Planned generating capacity for the nine main utihties by 
type is summarised in Table 7.10, below. These are plans provided by the utilities 
themselves and are different from the government's long-term aggregate energy 
demand forecasts. Industry forecasts are generally more reliable, especially when 
matched with approvals for construction of new plants. 
Table 7.10 Planned installation of new generating capacity 
Generating Capacity to be Installed (million kW) 
Type 1992-1996 1997-2002 Total Total share (%) 
Nuclear 10.66 9.02 19.68 23 
Hydro-electric 5.06 4.91 9.97 12 
General 0.40 1.38 1.78 2 
Pumped 4.66 3.53 8.19 10 
Thermal 17.89 36.69 54.58 65 
Coal 7.54 17.45 24.99 30 
LNG 9.49 16.84 26.33 31 
LPG/other gases 0.54 2.02 2.56 3 
Geothermal 0.26 0.30 0.56 1 
Oil 0.08 0.08 0.16 0 
Total 33.61 50.62 84.23 100 
Source: Heisei 5-Nendo Denryoku Choki Keikaku no Yoran, [Long-Term 
Electric Power Facilities Development Plan 1993], Central Electric 
Power Council (CEPC) p 3. 
The industry plans a total of 84.2 million kW of new capacity by 2002, an 
increase of 47 per cent over 1992 acUial installed capacity of 179.6 million kW. It is 
clear from Table 7.10 that the bulk of planned growth through until 2002 is in the 
1997-2002 period, and should thus be seen as a less accurate forecast than for the first 
five year period. According to a senior TEPCO executive, planning horizons of 
around 5 years are reasonably accurate, with longer projections much more 
speculative (Arai, pers comm July 1993). This rider notwithstanding, several points 
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are worthy of note: the strong planned growth in thermal sources, the ambitious 
nuclear program, and continued growth of pumped-hydro systems. 
Nearly two-thirds of the new capacity planned is thermal powered, this is 
more than the current ratio of 60 per cent thermally generated electricity, and if 
construction is realised, this expansion will increase the share of thermal sources in 
overall generation. The increase is almost wholly due to the growing use of coal and 
LNG, and the use of both fuels is projected to increase much more in the latter half of 
the ten year forecast period. Expected consumption of these fuels is projected to jump 
from 30.3 million tonnes and 29.1 milUon tonnes respectively in 1992 to 72.5 and 
35.4 million tonnes each in 2002 (CEPC 1993 p 6). 
The CEPC plan includes an ambitious nuclear capacity construction program, 
totalling to some 20 million kW, or almost one quarter of the new capacity. 
Compared with the govemment's Long Term Outlook energy forecasts, the industry 
itself is looking at more conservative growth rates of nuclear-generated electricity 
(Fujime 1990b). One reason is that lead times continue to lengthen and are well over 
15 years once approval has been obtained (Tajino 1988; Lesbirel 1986). 
The industr>' plan confums that use of pumped-storage hydro-powered plants 
will continue to grow. While initially costly, running costs are low and the process is 
an important contribution to load levelling through the day. In early 1992 there were 
71 hydro plants under construction or being planned, with a total capacity of 
7.5 million kW (20 per cent of current hydro capacity) and of these 65 are small 
conventional systems and 6 pumped-storage systems (JEPIC 1992). 
Some measure of the feasibility of reahsing these planned generating capacities 
can be gained from considering the projects submitted to the Electric Power 
Development Coordination Council (EPDCC) for approval (Table 7.11, below). 
The table shows that of the 84.23 million new kilowatts planned for 
installation by 2002, 74.47 million kW have akeady been approved or have been 
submitted in the last two years. The main deficits are in planned coal and LNG 
stations, suggesting that if the targets are realistic more submissions for construction 
of these t}pes of plants will be made in the near future. 
It is noteworthy that no significant construction of oil-fired power plants is 
planned by the utilities. The real yen-denominated crude oil price is now lower than it 
has been since before the first oil price shock in 1973 and it clearly makes short-term 
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economic sense to exploit this cost advantage while it exists. The main block to 
construction of new oil-fired plants in Japan is the government's commitment to the 
May 1980 International Energy Association agreement to ban construction of such 
facilities. This agreement came after the two rapid oil price rises in the 1970s and was 
aimed at reducing demand and dependency on oil as a fuel source. While the ban 
technically remains intact, most lEA members have been building oil-fired plants since 
the mid 1980s when the real crude oil price began falling (Morita and Ogawa 1993 
p 5). The Japanese govemment has maintained its opposition to lifting the ban, as one 
of the government's main energy policy objectives remains the diversification away 
from reliance on oil. 
Table 7.11 New generating capacity by status of approval by EPDCC 
(million kW) 
Akeady approved For submission For submission 
Type under constr" pre-constr" in 1993 in 1994 
Nuclear 10.66 0.83 1.43 10.64 
Hydro-electric 5.72 1.39 0.08 2.84 
General 0.26 0.19 0.08 0.08 
Pumped 5.46 1.20 - 2.76 
Theniial 11.62 13.33 5.75 10.18 
Coal 6.10 7.99 2.80 2.85 
LNG 4.99 5.08 2.92 7.30 
LPG/other gases 0.46 0.07 - -
Geothermal 0.03 0.18 0.03 0.03 
Oil 0.04 0.01 - 0.01 
Sub-total 28.01 15.54 7.26 23.65 
Total 43.56 30.91 
Source: Heisei 5-Nendo Denryoku Choki Keikaku no Yoran, [Long-Term 
Electric Power Facilities Development Plan 1993], Central Electric 
Power Council (CEPC) p 3. 
The Japanese business community is caUing for a lifting of the ban, on the 
grounds that oil-fired stations can cheaply and quickly be used to prevent possible 
supply shortages in the near fuUire (Keizai Doyukai [Committee for Economic 
Development] 1993 p 7). While the government's formal position is that lifting the ban 
is not under consideration, observers in the oil and electricity industries believe that 
the ban might be Ufted in the mid 1990s if crude oil prices remain low. 
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While projections on future demand and plans for new capacity are substantial, 
two developments in particular will moderate the impact of continuing strong demand 
growth on primary fuel consumption and will help reduce the need for new capacity. 
These two developments are new high-efficiency supply technologies and the 
implementation of demand side management strategies. Moderation of the impact of 
new demand without loss of economic growth will effectively increase Japan's net 
aggregate energy efficiency by raising the productivity of electricity as an input, 
yielding lower growth in primary fuel consumption for electricity generation. 
New supply technologies 
New supply technologies like co-generation, combined cycle generators, coal-oil 
mixtures (COM), and oil-replacing coal/water mixtures (CWM) will continue to 
improve the thermal efficiency of electricity generation. High efficiency coal utilisation 
technology is an important part of the technologies under development. Coal-based 
combined cycle systems which tum coal into gas for driving gas turbines, for example, 
are expected to perform at 42-44 per cent efficiency. 
In addition, govemment and industry hope to have in place some 1 million kW 
of capacity from 'altemative' sources by 2000 (CEPC 1992). Alternative sources 
include low-pollution fuel cells using LNG, town gas and methanol with thermal 
efficiencies of 35-40 per cent which can be used in hotels and offices, as well as 
thermal power plants. The industry plans to install 2,000 kW of photovoltaic 
generation capacity and 3,000 kW of wind power generation capacity in northern 
Japan by the end of 1995 (CEPC 1992). 
The 1 million kW target rehes on large fuel cells (almost 1 milUon kW of 
capacity planned) and less so on photovoltaics (50,000 kW planned) and wind power 
(10,000 kW planned) (JEPIC 1992). 
Cost factors are critical to the commercial introduction of altemative energy 
sources, and renewable energy generation costs are estimated to he between ¥15 and 
¥30/kWh (Matsuo and Yoshimoto 1991), well below the current levels for other 
sources of under ¥10/kW discussed above. The Japanese utilities claim they want to 
'take the lead in development and installation' (CEPC 1992), but the cost differential 
is prohibitive and this is reflected in the low target for altemative electricity — 
1 miUion kW is less than 0.5 per cent of current capacity (CEPC 1993). 
261 
The new technologies are expected to make a small contribution to Japan's 
overall energy efficiency by improving average thermal efficiency. Thermal efficiency 
will be enhanced by both the higher marginal efficiencies of new equipment and by 
commercial generation of electricity with negligible fuel consumption in the case of 
the plants powered by renewable energy sources. The impact on primary fuel 
consumption will be small unless the more efficient processes are also installed in 
existing thermal plants. 
New capacity or reduced demand: demand side management in Japan 
An altemative to new generating capacity is more efficient use of existing capacity by 
reductions in peak demand. This demand side management (DSM) strategy is based 
on the economic efficiency inherent in investing in demand-reduction measures, 
delaying the need for extra capacity to meet projected increased demand. Where 
marginal costs are rising more rapidly than average costs, there is a net welfare gain 
by shifting the demand curve down, even after consumers are compensated 
(Kibune 1992b pp 13-14). Benefits are less clear when existing capacity is adequate to 
meet demand, though are possible with high fixed costs and rapidly rising short-run 
marginal costs (Kibune 1992b p 13). 
In practice, DSM aims to shift the height and position of demand peaks. This 
can happen on both a daily scale as well as over a year. In the United States, 
particularly in CaUfomia, diverse programs are in place which in effect add to the 
utilities' revenue even while the volume of kilowatts sold declines. 
In Japan, most discussion about DSM focuses on charging differential rates to 
larger and smaller users at peak and off-peak times (Asano 1990; JEPIC 1992). For 
example, higher prices can be charged at peak times to reduce the volumes consumed 
(peak clipping); off-peak rates can encourage use of electricity outside peak times 
(valley filling); and both can be combined to spread power loads more widely (load 
shifting). 
In the early 1990s the utilities in Japan implemented rotating rate scales based 
on the season and time of day (Nikkei News Bulletin 1992). These arrangements 
appUed to some industries and households. TEPCO's Load Adjustment Contract 
Agreement is an example, and under the agreement consumers agree to spread 
demand load between peaks or pay a penalty. Consumers pay concessional rates at 
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off-peak times (up to one-third the regular rates) but pay up to 38 per cent more than 
the base rate at other times. In 1991 only 16,000 households nationwide had signed 
up for such agreements. TEPCO also offers discounted rates to industrial consumers 
who agree to contract for interruptible supplies involving adjustment of their power 
usage in response to daily notification from the utility on local demand and supply 
conditions (JEPIC 1992). Thermal storage systems are available in the colder northern 
island of Hokkaido and also attract concessional off-peak rates (JEPIC 1992). 
While DSM preferential-pricing strategies may work in theory, the electricity 
industry has expressed concerns that price adjustments of the order used in pilot 
schemes in the early 1990s would not affect demand significantiy, and that greater 
changes would stem from concessions for development and wider introduction of 
household power storage units (Nikkei News Bulletin 1991). The low share of 
expenditure on energy in average household energy budgets was noted above. In 
addition, electricity prices fluctuate in response to a variety of pressures. For example, 
the Economic Planning Agency applied some pressure on the utilities in the early 
1990s to reduce electricity rates to pass on to consumers some of the windfall gains 
accruing to the utilities from the rising value of the yen. 
Another strategy for reducing peak summer electricity demand is summertime, 
and there is periodic debate in Japan on the pros and cons of its introduction. Japan is 
now the only industrialised nation (apart from Iceland) not to have some form of 
daylight saving. One commentator sees Japan's reluctance to follow this trend as 
backing away from one tangible contribution to easing global environmental concerns 
(Saruya 1992). While the amount of energy likely to be saved is fairly small (500,000-
600,000 kloe or just over 0.15 per cent of fmal energy consumption), it is still seen as 
a tangible reminder to energy consumers that changes in lifestyle can make a 
difference to energy consumption (Ecuta 1994 p 4). The concept has not been 
marketed in Japan and considerable consumer (and voter) reluctance remains. 
The electric utiHties have used a variety of strategies to increase the efficiency of 
electricity generation and distribution and thus minimise the impact on primary energy 
consumption of booming electricity demand. These strategies have contributed to the 
industry's share of change in aggregate energy intensity identified in Chapter 5. 
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Despite the thermal efficiency gains since the first oil shock, increased 
electricity output has meant that the industry has taken an increasing share of Japan's 
total primary energy supply. The changing mix of fuels has affected the industry's 
aggregate energy intensity, with the higher proportion of electricity from nuclear 
sources serving to reduce primary energy consumption. The changing mix of fuels for 
thermal power stations has also affected aggregate thermal efficiency, reflecting the 
age structure of plants. Projections on current costs indicate that new nuclear stations 
have a slight cost advantage over new coal-fired stations. 
There is considerable scope to use existing capacity, especially base-load 
capacity, more efficiently with daily load-levelling and regional load-sharing 
strategies. If these strategies yield availability of more electricity (output) for the same 
rates of use of primary fuels (input) then there will be a net thermal efficiency gain. 
However, load-sharing is likely to affect only allocative efficiency. 
Projected strong demand for electricity has led to plans for construction of 
almost half as much new generating capacity as currentiy exists in the utilities by 
2002. New capacity favours thermal plants, notably coal and LNG, suggesting that as 
new capacity comes on hne the share of primary fuel consumption going to the 
electricity industry will continue to increase. The choice of new capacity will also be 
influenced by allocative, thermal and environmental efficiencies as much as economic 
efficiencies in coming years. The extent of new thermal supply may be moderated by 
new generating technologies (such as the proposed 1 million kW of renewable 
sources) and by extension of demand side management activities. 
CONCLUSION 
This chapter has considered the role of electricity demand growth in Japan's 
aggregate energy intensity. Chapter 5 showed that the electricity generation industry 
accounted for the fifth largest share of Japan's aggregate energy intensity 
improvement between 1980 and 1990. Increasing demand for electricity has 
contributed to the slowing of the rate of improvement in Japan's aggregate energy 
intensity seen in the mid 1980s. Chapter 6 showed that changing mixes of outputs 
from the main energy-intensive industries contributed to this slowing, and this chapter 
has shown that increasing rates of electricity consumption also contributed. This 
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increased demand for electricity has led to the electric utihties taking a larger share of 
Japan's total primary energy supply. 
Increasing electricity demand has stemmed from a shift in the main electricity 
users from large industries to small residential consumers and restructuring of demand 
within industry. Electricity demand has, overall, not been very responsive to changes 
in prices and demand continues to rise faster than incomes. Demand has risen only 
sUghtly more slowly in increasing price environments than in falling price 
environments. 
The rates of growth of household electricity demand have been well above 
GNP growth rates. Households are showing increasing electricity intensities per 
residence, and also per unit floor area. Consumers are using more appliances for 
longer periods which is leading to greater electricity consumption, despite high retail 
electricity prices and high marginal efficiencies of new appliances. 
The impact on Japan's aggregate energy intensity of fumre strong demand for 
electricity will depend on the thermal efficiency of new capacity and the more efficient 
use of current capacity to meet demand. Judicious management of electricity supplies 
and increasing thermal efficiency of plants work to increase efficiency on the supply 
side. Measures to further increase efficiency of use, particularly in the rapidly 
expanding residential sector, can help reduce the overall upward push on energy 
intensity. The high growth rates of electricity demand, residential electricity demand in 
particular, which are greater than growth rates of GNP, mean increasing electricity 
demand is an important issue for Japan's aggregate energy intensity in future. 
Chapters 4, 5, 6 and this chapter have analysed factors underlying the 
37 per cent decline in Japan's aggregate energy intensity. This chapter confirms that 
increasing electricity consumption is an important factor behind the slowing of the 
rate of change of aggregate energy intensity in the late 1980s. The following chapter 
considers the scope and role of Japanese government energy policies in supporting the 
substantial reduction aggregate energy intensity. 
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8 Energy Policy and Energy Efficiency 
Aggregate energy intensity in Japan declined some 37 per cent between 1973 and 
1991, the largest fall in any of the OECD countries. During that period, a wide array 
of government policies had impacts on energy consumption and energy intensity. 
These policies ranged from broad economic policies on trade, investment and 
domestic industrial structure; through general energy poHcies on fuel taxes, electricity 
prices, fuel diversification and domestic coal mining; to specific measures aimed at 
raising the efficiency of energy use such as setting compliance standards for home 
insulation and appliance performance, tax breaks for equipment installation and 
government funded research and development. 
Chapter 1 noted that Japan is often held as a model of improvement in 
aggregate energy intensity, having apparently decoupled energy demand growth from 
economic growth in the 1970s. This chapter uses the results of the disaggregated 
analysis in earlier chapters to compare energy policy objectives with the observed 
changes in energy intensity that took place in Japan over the 1973-1991 period. 
Japanese energy policies maintained a consistent long-term direction from the 
firts oil shock to the early 1990s, with substantial revision in the early 1990s and 
change in focus from energy consumption to aggregate energy intensity as a target for 
energy policy. Assessment of the effectiveness of Japanese energy policies over the 
1973-1991 period is used in the next chapter to evaluate the targets for the rate of 
decline of aggregate energy intensity for the 1990-2010 period set by the Japanese 
government in 1990. The govemment's targets are for energy intensity change 
through until 2010, not for energy consumption, and so the results of earlier chapters 
in this study that locate the sources of change in energy intensity between 1973 and 
1991 within the Japanese economy are particularly useful. 
POLICIES AND PRICES 
The 1973-1991 period is a useful one for assessing the effectiveness of energy policy. 
From 1973 to 1985 energy prices in Japan rose, sharply at times, providing a major 
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market-driven incentive for increasing the efficiency of energy use. Also over this 
period, Japan developed an extensive array of energy policy measures aimed at 
encouraging use of primary fuels other than oil and at improving the efficiency of 
energy use. Energy policies thus conformed with market tendencies in this period to 
improve the efficiency of energy use. After 1985, however, the energy price 
environment changed. Yen-denominated crude oil prices fell sharply in the mid 1980s 
and continued falling through the late 1980s and early 1990s, a consequence of both 
falling world crude oil prices and the strengthening value of the yen. Low inflation in 
Japan helped keep yen-denominated oil prices low in real terms. 
Energy policies through this latter period maintained long-term directions by 
focusing on continuing improvements in the efficiency of energy use and on 
continuing the diversification away from reliance on crude oil as the main primary 
fuel. In the environment of falling world energy prices these policies ran counter to 
market tendencies to increase use of relatively cheap energy sources, crude oil in 
particular. For domestic energy consumers too, while taxes on energy restricted the 
extent of the price falls, the late 1980s marked the end of more than ten years of rising 
prices and by the early 1990s real energy prices had returned to early 1980s levels. 
Comparing the effectiveness of energy diversification and energy efficiency policy 
measures over the two sub-periods, 1973-1985 and 1985-1991, therefore provides a 
way of assessing the relative impacts of energy policies and exogenous energy prices 
on the efficiency of energy use in Japan. 
Assessment of the effectiveness of Japanese energy pohcies between 1973 and 
1991 is important when critically assessing the targets of the early 1990s revisions to 
Japan's energy policies. Japan's energy policy targets were substantially revised 
through the announcement of the Action Program to Arrest Global Warming in late 
1990, which was the Japanese Govemment's response to the call to limit greenhouse 
gas emissions made at the Toronto conference on the changing atmosphere in 1988. 
Around the time of the UN Conference on Environment and Development in 1992 the 
Govemment announced a second, more extensive revamping of energy policy to 
support the program to limit greenhouse gas emissions in a period of low worid oil 
prices and rising energy demand in the non-industrial sectors in Japan. 
These revisions were based on the expectation that the rate of decline in 
aggregate energy intensity seen over the 1973-1990 period could be sustained over 
267 
the 1990-2010 period. Set in a climate of low, and still falling, yen-denominated world 
oil prices, with expectations that these low levels will continue for some time, this 
study suggests that the likely effectiveness of these poUcies should be assessed not on 
the results of the whole 1973-1991 period, but on the 1985-1991 period which had 
the same low world oil price environment. 
Earlier chapters provided a comprehensive base of disaggregated analysis of 
the changes in aggregate energy intensity in Japan over the 1973-1991 period. This 
analysis has helped locate the sources of change in aggregate energy intensity. 
Technological and structural changes within the whole economy, within the 
manufacturing sector and within key energy-intensive industries in particular, have 
underpinned the decline in aggregate energy intensity. 
Decomposition of the decline in aggregate energy intensity in Chapters 4 and 5 
showed that 84 per cent of the decline stemmed from changes in the manufacturing 
sector, and that 68 per cent of the energy intensity decline within this sector stemmed 
from a mix of technological and structural changes in just two industries — steel and 
chemicals. The decomposition also showed that abnost 90 per cent of the decline in 
aggregate energy intensity over the 1973-1991 period took place between 1973 and 
1985, and was dominated by technological improvements in the efficiency of energy 
use in these two industries. The dechne in aggregate energy intensity between 1985 
and 1991 was small, and was dominated by continuing structural changes in the 
Japanese economy favouring growth in lighter, less energy-intensive manufacturing 
and service industries. Technological change played a very small part in the small 
decline in aggregate energy intensity between 1985 and 1991, and indeed energy 
intensities actually rose in some industries. Electricity consumption, especially by 
households, continued to grow rapidly through the 1980s and the intensity of 
electricity use in households also rose. 
Throughout both these sub-periods, energy policy measures focused on 
reducing reliance on oil and improving energy efficiency. Despite this constant focus, 
the responses in the Japanese economy in each of these sub-periods were very 
different. The results of the disaggregated analysis in earlier chapters are used here to 
critically assess the relative importance of policy measures and exogenous price 
changes in determining aggregate energy efficiency. 
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The analysis of the effectiveness of energy policy undertaken in this chapter 
begins with a review of the core elements and objectives of energy policies in Japan, 
broad and narrow, along with relevant industrial policies, focusing on the 1973-1991 
period. 
The second part of this chapter assesses the effectiveness of industrial, general 
energy and energy conservation policies in reaching their objectives in the context of 
the disaggregated analysis of changes in aggregate energy intensity in earlier chapters. 
The micro level technological changes observed in Chapters 6 and 7 in steel and 
aluminium production, electricity generation and household energy consumption are 
compared with the energy policy measures used to pursue energy efficiency in these 
areas. 
The objectives and strategies of Japanese energy policies were modified in the 
early 1990s, and a renewed emphasis given to energy efficiency gains as the 
foundation of Japan's greenhouse gas emission abatement strategy. The next chapter 
considers the changes in energy laws and their administration and the expectations of 
future energy conservation policy after the Toronto conference and the United 
Nations Summit in Rio de Janeiro, in the current climate of low world oil prices. The 
results of earlier chapters are used to examine the implications of changes in 
aggregate energy intensity over the 1973-1991 period for the projections of intensity 
gains through to 2010. Chapter 9 concludes by using the results of earlier chapters to 
help provide an assessment of Japan's ability to meet its greenhouse gas emission 
targets. 
REVIEW OF JAPANESE ENERGY POLICIES TO 1991 
Japan's aggregate energy efficiency improved dramatically after the fu-st oil shock. 
While the outcomes in terms of aggregate energy efficiency were impressive, policies 
aimed specifically at energy conservation and efficiency were only a smaU, but 
nevertheless important, part of Japan's broad energy policy framework. 
Energy policies in Japan can be divided into a number of periods. Before the 
Second World War and in the early post-war years, energy policies were closely tied 
to industrial policies for economic growth. Specific energy policy objectives began 
emerging in the 1960s and became a discrete package after the 1973 oil shock. These 
specific energy and energy conservation policies in Japan include measures for 
269 
particular fuels and energy sources — on oil, coal, gas, nuclear electricity and 
renewable energy — as well as on improving energy efficiency. General energy 
policies have existed for many decades but energy conservation and efficiency policies 
have only been an active part of energy policy since 1973. This review of Japanese 
energy policies considers how Japan's energy policy has evolved under the pressure of 
changes in extemal factors like crude oil prices, supply security and global 
environmental concerns. 
This chapter reviews four main periods, starting with the period up to the 
beginning of the Second World War. Japan's energy policies changed after the war 
and the post-war period can be broken into three main parts (Shigen Enerugii Cho 
Agency of Natural Resources and Energy (ANRE)] 1993a p 95; Enerugii Keizai 
Kenkyujo [Institute of Energy Economics] 1987 p 83). This chapter therefore reviews 
four periods: 
i) Pre-war industrial and energy policies 
ii) Energy poUcies in the post-war period through to the first oil shock 
- the Occupation (1945-1951) 
the period of economic independence (1952-1961) 
the period of rapid economic growth (1962-1972) 
iii) Post 1973 oil shock energy policies 
the period following the first oil shock (1973-1979) 
the period following the second oil shock (1980-1990) 
iv) New energy policies from 1990 in response to the 1988 Toronto conference 
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Post-war energy policies stemmed from the pattems of energy consumption 
and industrial structure set in place in the pre-war years. This review of Japanese 
energy policy therefore begins with a brief overview of energy consumption in pre-
war Japan. This provides a context for the policies on industrial structure and energy 
that emerged after 1945. Most attention is given here to the 1973-1990 period. The 
new energy policy framework is reviewed in the next chapter. 
Pre-war energy consumption patterns 
Japan is usually portrayed as a resource poor economy, importing large quantities of 
raw materials, processing them efficiently and exporting the finished products. In fact 
the rehance on imported energy raw materials (which are currently meeting over 
80 per cent of Japan's demand for energy) is a fairly recent phenomenon and Japan 
was a net energy exporter through until the 1920s (Fukami 1992 p 5). Coal and 
hydroelectric power suppHed well over half of Japan's energy needs before the Second 
World War and domestic supplies of coal were still a major fuel source up until the 
1960s. Pre-war energy poHcies were closely tied to economic and industrial policies 
aimed at modemisation and establishment of heavy manufacturing capacity. 
Coal mining was a major export industry in Japan in the Meiji period with 
more than 30 per cent of the domestic output exported on average between 1890 and 
1905 (Fukami 1992). Oil drilling and production began in Japan in 1871, only 12 
years after the first commercial oil well was sunk in Pennsylvania (Samuels 1987). 
Japan has never been a great producer of oil and the limits of domestic 
production were realised in 1920s. Tariff support was granted to the fledgling 
domestic oil industry in 1893 and with successive raising of these tariffs in succeeding 
years foreign refiners began setting up on Japanese soil. This marked a split in the 
Japanese oil industry between offshore acquisition and domestic refining that has 
continued, so that the industry has not seen the same levels of vertical integration as in 
other countries (Samuels 1987). 
Hydroelectricity came to meet a significant part of Japan's energy needs before 
the Second World War, with the rapid rise a result of an initially large number of 
small, regional electricity supply companies, each making use of the nearest available 
source of generating power (Samuels 1987). 
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Figure 8.1 provides a long-term view. The transition from fuel wood to coal, 
which was a significant technological development in Europe marking the true 
beginning of the industrial revolution, took place relatively recently in Japan, around 
the turn of the century. Japan had caught up, however, by the time of the next major 
transition, to liquid fuels, which happened in Japan in the 1950s, at about the same 
time as in the rest of the world. 
Figure 8.1 Long-term energy consumption trends: share of primary energy supply 
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Figure 8.1 shows that Japan began losing self-sufficiency in energy with the 
drift towards liquid fuels. Japan was still over 50 per cent self sufficient in energy at 
the end of the 1950s and, while access to fliel and mineral raw materials had played an 
important part in Japan's involvement in the Second World War (lenaga 1968), the 
dependence on external sources that emerged after the war was a new phenomenon. 
Immediate post-war energy policies 
The Occupation period from 1945 to 1951 was one in which prime attention was 
given to the development of the coal and steel industries, following the 'graded 
production system' introduced in 1946. Capital, labour and materials were all directed 
to boosting production in these industries (Shigen Enerugii Cho 1993a p 95). 
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The strong anti-monopoly policies of the Occupation decreased overall 
concentration in a number of industries and allowed import of foreign technology and 
the creation of a large number of new industries (Samuels 1987). The government 
gave special priority to the energy-intensive industries, steel making and electricity, 
and channelled funds in those directions. These industries were among those targeted 
for development under the Priority Production Formula, which aimed to 'solve 
starvation and reconstruct a production mechanism' (Uekusa and Ide 1986 p 6). 
Energy policy emphasised securing the supplies necessary to fuel the heavy industrial 
growth that was under way (MITI 1971; Enerugii Keizai Kenkyujo [Institute of 
Energy Economics] 1987). 
Japan's high economic growth period in the 1960s was coincident with the 
move to oil as the primary fuel. This oil was cheap, abundant and almost all imported, 
and with the consequent strong effect of the first oil shock on the Japanese economy, 
the high dependence on imported energy became the single most important factor 
behind long-term Japanese government and industry energy consumption and security 
strategies. The development of Japan's energy consumption profile as it was at the 
time of the first oil shock in 1973 was a result of the growth, government encouraged, 
of energy (especially oil) intensive heavy manufacturing industries during a period in 
which oil was plentiful and readily available (Hein 1990). The rapid growth of energy 
consumption in the manufacturing sector in this period can be seen from Figure 8.2 
below. 
Figure 8.2 Energy consumption in the manufacturing sector, 1960-1975 
^ 120 + 
I 100 1 
c o 
Source: General Energy Statistics 1992 (annual tables, pp 298-328). 
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Figure 8.2 shows that the manufacturing sector trebled its energy consumption 
during the high growth period, between 1960 and 1970. The energy-intensive 
industries, particularly those using oil, grew particularly strongly and by 1970 they 
accounted for some 14 per cent of total output, 6 per cent of value added and 
47 per cent of Japan's total fmal energy consumption. Oil consumption throughout the 
economy rose very quickly in the years leading up to the first oil shock, trebling in just 
eight years between 1965 and 1973 (EDMC 1993a). As well as bringing a particular 
vulnerability to energy, especially oil, price changes, the rapid economic expansion 
through the 1960s brought very rapid urbanisation and severe pollution problems that 
spawned hints of concern about the efficacy of these policies well before the shock of 
the actual oil price hikes in 1973 (Uekusa and Ide 1986 p 8). 
During the high growth period, the ready availability of oil saw the transition 
from coal to oil as the primary energy source under the General Energy Policy 
(Shigen Enerugii Cho 1993a p 95). This transition, the enacting of the oil refining law 
and liberalisation of oil imports marked the arrival of the 'energy revolution' and the 
beginning of the reign of oil as Japan's main primary energy source. 
Post 1973 oil shock policies 
The years after the first oil shock saw tightening of Japan's general energy policies, 
and for the fn-st time the emergence of policy measures specifically aimed at increasing 
the efficiency of energy use. Policies aimed at increasing the energy efficiency of 
products, processes and systems are referred to in Japan as sho-enerugii seisaku, 
energy conservation policies, emphasising the contributions such advances can make 
to reducing energy consumption'. 
Energy conservation measures in Japan between 1973 and 1991 focused 
almost exclusively on ways to improve the micro-level efficiency of production 
processes and of end-use equipment — appliances, cars, buildings and so on. The 
1 As discussed more fully in Chapter 1, there has been some debate in the economics literature as 
to the circumstances in which an increase in the energy efficiency of a piece of equipment wiU lead 
to a reduction in energy consumption. Higher efficiency effectively reduces the cost of the energy 
input and a cheaper input typically leads to substitution around the production possibility frontier and 
more consumption (not less) of the cheaper input. The extent of this 'rebound effect' determines 
whether investment in equipment with higher energy efficiency will ultimately increase or decrease 
energy consumption. The rebound effect is determined by the price elasticity of energy demand, the 
elasticity of demand for the service (that the energy provides through the equipment) with respect to 
equipment price and the elasticity of equipment price with respect to efficiency. Empirical estimation 
suggests that the rebound effect is small (Henly et al 1988). 
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macro-economic structural change component of energy efficiency was highlighted in 
earlier chapters as a significant contributor to the dechne in aggregate energy 
intensity. This component has not entered explicitly into Japan's energy conservation 
policy. Rather, it has been industrial pohcies supporting expansion of light industries 
over energy-intensive industries that have induced this component of the decline in 
aggregate energy intensity. While general energy policy has intervened in prices for 
energy through taxes and levies, energy conservation policy has not sought additional 
price distortions or lower rates of economic growth as possible and acceptable means 
of reducing energy consumption. 
General energy policy 
The sharp oil price rises in late 1973 brought a host of short and long-term changes to 
Japan. The effects were felt throughout the economy, with one of the first reactions 
being panic-buying of commodities in fear of the whole economic system breaking 
down. Short-term emergency measures were quickly put in place which effectively 
rationed the use of oil and electricity, such as closing government offices for an hour 
at lunch time with lights shut off (Enerugii Keizai Kenkyujo 1987). 
For the longer term, in its Long Term Vision on Industrial Structure released 
in 1974, the Ministry of International Trade and Industry (MITI) shifted from its 
paramount goal of maximising economic growth to objectives which sought to use 
economic growth to improve social and economic performance, encouraging a shift 
from an energy-intensive to a knowledge-intensive industrial structure, and promoting 
energy conservation and diversification away from reliance on oil as the primary fuel 
(Uekusa and Ide 1986 p 9). 
The 1970s saw the rise of the 'resources problem' as a political issue in Japan 
as elsewhere, with security of supply and efficiency of use the two main concerns 
(Mm 1973, 1971). MITI's long-term supply and demand outlooks have highlighted 
the necessity of balancing security, cost, and now environmental factors to attain 
optimum long-term energy supply and demand structures (MITI 1989; Agency of 
Natural Resources and Energy (ANRE) 1985). 
From the time of the fu-st oil shock, general energy policy consistently 
included four components aiming to promote ways and means of minimising energy 
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consumption growth rates while maintaining economic growth. The four components 
are: 
i) reducing dependence on oil as an energy source 
ii) securing stable oil supplies 
iii) promoting energy conservation 
iv) promoting development and use of new energy^ sources. 
These guidelines were first proposed in the 'directions in energy policy' 
statement issued by the Energy Advisory Committee in December 1975 (Shigen 
Enerugii Cho 1993a p 321, p 206). The committee comprised representatives from 
the core Japanese economic ministries: MITI; the Ministry of Finance; Ministry of 
Agriculture, Forestry and Fisheries; Ministry of Labor; and the Economic Planning 
Agency. 
This general thrust of energy policy has been maintained consistendy in Japan 
since 1974, despite major changes in the extemal factors affecting energy 
consumption: changes in oil prices since 1973; the structural adjustment within the 
Japanese economy detailed in Chapters 4 and 5; and agreement by Japan to global 
commitments to reduce greenhouse gas emissions (Shigen Enerugii Cho 1993a; 
Agency of Natural Resources and Energy 1985; Enerugii Keizai Kenkyujo 1987; 
MITI 1993a, 1973). Throughout these changes energy policy maintained as its long-
term objectives reduction in dependence on oil and more efficiency in energy 
consumption. In fact, the basic framework of energy laws and budgets set in 1974 
only had its first major revision in 1992, to take account of domestic trends towards a 
return to high rates of energy demand growth and rising environmental concerns in 
Japan and internationally. 
Post-war Japanese energy policy statements have consistently reinforced the 
complementarity of economic growth and energy efficiency throughout the post oil 
shock period. In 1975 the Energy Advisory Committee stressed the importance of 
2 'New energy sources' in Japan refer to what are typically called alternative (or renewable) energy 
sources in other industrialised countries — solar voltaics, solar thermal, geothermal, wind power and 
so on. 
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maintaining (not reducing) energy supply, and recommended that stable supply should 
have priority over the tu'o other main objectives of securing adequate and cheap 
supplies (Shigen Enerugii Cho 1993a p 188). Statements in 1983 highlighted the 
benefits of the 'best mix' of fuels not only to sustain economic growth but also to 
'balance security of supply with costs' (Shigen Enerugii Cho 1993a p 98). More 
recent statements coincident with recognition of a new set of factors pushing energy 
consumption levels up emphasise three main influences on energy policy 'economic 
growth, energy conservation and environmental protection' (Shigen Enerugii Cho 
1993a p 231). 
Japan's energy policies reflect a comprehensive approach to addressing the 
four objectives above. A range of pohcy instruments have been used in Japan, falling 
into two broad categories: direct intervention in energy pricing; and non-price 
measures including tax concessions, other incentives promoting energy efficiency and 
funding for research and development. 
Energy pricing 
Taxes on energy sources — especially oil products and electricity, add significant 
amounts to the prices paid by most Japanese energy consumers other than users of 
crude oil. 
The biggest users of primary energy in Japan are the oil refining and electricity 
generating industries, and both these industries buy crude oil direct from the world 
market. The government has levied a tax per kilolitre on imported crude and heavy 
fuel oil since 1967. The level of this tax declined over the 1973-1991 period (Shigen 
Enerugii Cho 1993a pp 214-216). The tax is a set amount per imported kilolitre, 
though, and when world crude prices fell the proportional tax rose, effectively 
restricting the fall in the costs of energy inputs for these large consumers. 
The govemment also applies a number of taxes on oil as it is refmed and on 
electricity production, which have increased over the 1973-1991 period. These taxes 
have served to hold up the prices faced by Japan's wholesale and retail energy 
consumers in a period of falling world oil prices. 
Trends in real prices for crude oil, retail gasoline, heavy fuel oil and electricity 
are shown in Figure 8.3. 
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The figure shows the dramatic rises in crude oil price through the 1970s, the 
peak in the early 1980s and the rapid fall in the early 1980s back to pre-1973 oil 
shock levels. The purchasing power of Japanese crude oil consumers was improved 
by the combination of the fall in world (US$ denominated) crude prices and the 
strengthening value of the yen in the late 1980s. Prices faced by consumers of other 
forms of energy — fuel oil, gasohne and electricity — did not fall anywhere nearly so 
far or so fast as crude prices, though these had returned to early 1980s levels by the 
early 1990s. The major factor buffering these prices from the falls in the price of crude 
was government intervention in price setting. In particular, the taxes levied on crude 
oil products along the production train and the level of electricity prices set by 
government. 
Figure 8.3 Japanese real energy prices 
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Source: EDMC 1994, pp 44-47. 
Taxes on energy (and oil products in particular) serve two purposes: to 
influence prices and thereby discourage oil consumption; and to provide revenue for 
energy-related measures in the national budget (Shigen Enerugii Cho 1993a p 216). 
Oil products are the main target of these energy taxes, though electricity producers 
and LNG/LPG consumers are also affected. 
The first oil tax introduced was the Heavy and Crude Oil Tax in 1967 (Shigen 
Enerugii Cho 1993a p 214). The tax was first set at ¥640 per kilolitre of imported 
crude oil and the revenue raised directed to the Coal Special Account of the energy 
budget (Lesbirel 1989 p 290). The introduction of the consumption tax in 1989 saw 
changes in the duty on oil products other than crude and heavy oil and in consequence 
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the Heavy and Crude Oil Tax was lowered to ¥350 per kilolitre (Shigen Enerugii Cho 
1993a p 216). 
Japan has had an Oil Tax on refined oil since 1978, with revenue raised 
earmarked for poUcy measures under the Oil and Altemative Energy Special Account 
(discussed in more detail below) (Lesbirel 1989 p 292). The tax was introduced at a 
rate of 3.5 per cent of value of refined oil and 1.2 per cent of value of imported LPG 
and LNG (Shigen Enerugii Cho 1993a p 216). The US$5/bbl faU in the price of crude 
in 1983 led to concems that revenue from the tax would not cover programs in place 
under the Special Account if the low prices continued, and the tax was raised to 
4.7 per cent (Shigen Enerugii Cho 1993a p 216). In 1989 with crude prices having 
remained low while the yen strengthened, the tax was effectively raised again through 
a change in its structure from a percentage of value to a levy on volume of ¥2,040 
per kilolitre of crude oil and imported refined oil, ¥670 per tonne of imported LPG 
and ¥720 per tonne of imported LPG (Shigen Enerugii Cho 1993a p 216). 
Final consumers of oil products also pay a range of other taxes on gasoline 
(¥53,800/kilohtre), refinery gases (¥9,800/kilolitre), kerosene (¥24,300/kilolitre) and 
jet fuel (¥26,000/kilolitre) (Nippon Sekiyu Kabushiki Gaisha INippon Oil Company 
Ltd] 1993). These taxes form a considerable wedge in energy prices. A litre of 
gasoline, for example, retailed at¥129Aitre in 1992 (EDMC 1994 p 231). Of this, the 
tax on the imported crude oil was ¥0.0350, on imported refined oil ¥2.040 and on 
the gasoline itself ¥53.8. While this is a large component of the retail price, it is not a 
large energy tax by world standards. In a survey of lEA member countries, taxes on 
gasohne in most countries accounted for more than half the pump price (International 
Energy Agency (lEA) 1991 p 76). 
Oil pricing policies clearly have had a significant impact on energy prices in 
Japan. The Japanese retail gasohne price in 1992 was equivalent to US$0.987Aitre, 
and by way of comparison consumers in the United States paid just US$0.306/Utre, 
though consumers in Sweden paid US$1.26Aitre. 
The other main direct tax on energy in Japan is the Electric Power 
Development and Promotion Tax (Lesbirel 1989 p 292). This tax is levied on 
electricity producers, though is ultimately born by consumers, and was introduced in 
1974 at a rate of ¥ 8 5 per thousand kWh then raised to ¥300 per thousand kWh in 
1980 (Shigen Enerugii Cho 1993a p 137). The revenue raised is directed into the 
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Electric Power and the Electric Power Siting Special Accounts discussed below. In 
1983, following concerns that electricity demand growth was sluggish and causing 
worsening balances of the Special Accounts, the tax was raised again to ¥445 per 
thousand kWh (Shigen Enerugii Cho 1993a p 219). 
Electricity prices themselves are set by government in consultation with the 
utilities and major industries. Japanese retail electricity prices are the highest in the 
world: in 1991 Japanese households paid an average of US cents 19.7/kWh, followed 
by consumers in Italy (17.3) and Germany (15.9) down to Canada at (6.3). The 
spread of prices paid by industrial users was similar. The electricity tax was not 
reduced in the mid-late 1980s despite the rapid growth in electricity consumption, 
suggesting it may have been left in place to either boost energy budget revenues or 
curb demand (or both). 
Revenues raised by these taxes go towards funding the energy programs 
discussed in more detail below. In 1992 revenues were ¥98.7 bilhon (Heavy and 
Crude Oil Tax), ¥507 bilhon (Oil Tax) and ¥311.6 billion (Electric Power 
Development and Promotion Tax) (MITI 1993c p 29). This total of ¥917.3 bilhon 
made up most of the funds available under MITI's 1992 energy budget 
(¥1,226 bUhon). 
In comparison, in 1986 the revenues totalled ¥878 bilhon (Lesbirel 1989 
p 291), remarkably close to 1992 revenues, despite the higher energy prices in 1986 
which would have boosted income from the taxes based on the value of energy 
consumed. The adjustments to the rates and structure of the taxes in the late 1980s 
clearly had the desired effect of maintaining revenues. The extent to which the 
changes to the taxes and levies were driven by concems about falling energy budget 
revenues or concerns about growing energy demand is discussed below. 
In addition to the taxes and levies on energy consumption, Japanese energy 
pohcy includes a range of tax incentives for installation of energy-efficient equipment 
and appUances, particularly in industry, which are discussed in more detail below 
(Shigen Enerugii Cho 1993a pp 220-221). 
Non-price measures 
The structure of Japanese energy policy remained largely unchanged over the 17 years 
between 1975 and 1992. Table 8.1 takes the outhne of general energy policy in 1985 
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as a representative example of energy policy over this period. The recent revisions and 
their imphcations are examined in the next chapter. 
Table 8.1 Japanese energy policies (mid 1980s) 
Goal: Securing stable energy supplies 
Securing Promoting structural Expanding secondary oil processing facilities 
stable oil improvements in the oil industry Restructuring the oil refining industry 
supplies 
Enhancing and maintaining oil Maintaining 90 day private stocks 
stocks Promoting government-owned stocks 
Promoting LPG stocks 
Promoting oU development Promotion of exploration 
Development of oil-related technology 
Enhancing the distribution 
system 
Promoting Encouraging energy conversion Development of new-energy technology, such as 
development and the Sunshine Project 
introduction of Development of innovative and widely useable 
alternative industrial technology for alternative energy 
energy 
Promoting diversification of Promotion of nuclear electricity generation 
electric power sources Development of coal-fired, hydro and geothermal 
energy 
Implementation of measures designed to result in 
more levelled electricity demand 
Promoting location of electric Expansion of measures for local build up 
power sources Improvement of public acceptance 
Intensification of measures for environment 
conservation 
Promoting industrialisation of Securing funds for construction 
the nuclear fuel cycle Facilitation of location 
Establishment of technology 
Promotion of gas supply Promotion of conversion of natural gas by town 
measures gas utilities in outlying areas 
Securing stable coal supplies Securing stable supplies of overseas coal 
Implementation of policy on domestic coal 
Promoting Promoting rationalisation of 
energy energy use 
conservation 
Promoting the Moonlight Project Research and development of 
energy-saving technology 
International lEA / IAEA 
cooperation 
Source: Agency of Natural Resources and Energy 1985, p 13. 
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Table 8.1 gives details from the 1985 energy budget, which is typical of 
energy policy frameworks throughout the 1973-1990 period. The precise measures in 
the third column have varied from year to year, reflecting external pressures, such as 
movements in oil and other fossil-fuel prices, and domestic concerns. The four key 
objectives in the first column of Table 8.1, however, have remained unchanged and 
have set the basic framework for energy policy since 1975. Energy policies remained 
at status quo for most of the mid-late 1980s, with the next phase beginning after the 
Rio UNCED 'earth summit' (Shigen Enerugii Cho 1993a p 99). Specific policy 
measures are discussed in the next section. 
Table 8.1 shows the comprehensive approach to modifying energy 
consumption patterns, electricity generation patterns and energy security taken by the 
Japanese government. Motivated initially by the oil crises, security of oil supply is a 
major feature, complemented by programs to increase use of non-oil energy sources. 
Energy efficiency measures form only a minor part of general energy policy and yet 
have often been highlighted by non-Japanese commentators (Association for the 
Conservation of Energy 1990; International Energy Agency 1991). 
Figure 8.4 Japan 's energy-related budget (General Account)^ 
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and Energy, 1985, 1986, 1987, 1990, 1991, 1992. 
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Funding for Japan's general energy policies grew rapidly in the 1970s, but 
peaked in the early 1980s (Figures 8.4 and 8.5). The total funding for energy-related 
policies has been small in relation to overall government expenditures, ranging for 
example from 1.2 per cent of overall expenditures in 1985 (Agency of Natural 
Resources and Energy 1985 p 12) to 2.6 per cent (Lesbirel 1989 p 294). Funding for 
energy policy measures has two main components: the General Account and a 
number of Special Accounts. 
The General Account budget peaked in the early 1980s and remained at 
roughly the same level through the late 1980s. Over 90 per cent of the General 
Account is earmarked for the promotion of nuclear-generated electricity. 
Construction of nuclear power plants remains a central element in the govemment's 
energy source diversification strategy. Within the General Account budget, funds for 
energy conservation and new energy technologies are very small in comparison to 
funds allocated for promotion of nuclear energy. 
The General Account is supplemented by a system of Special Accounts to 
fund measures to implement policy goals in coal, oil and electricity generation. 
Figure 8.5 Japan's energy budgets (coal, oil and electricity special accounts) 
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and Energy, 1985, 1986, 1987, 1990, 1991, 1992. 
The Special Accounts are partly financed by allocations from general revenue, 
with around ¥ 4 0 0 billion transferred each year through the 1980s from the General 
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Account. The balance of Special Account funds are drawn from revenue from the 
energy-related taxes described above — like that on gasoline, for example. 
Total funding through the Special Accounts is around 10 times that of the 
General Account. The Special Accounts also showed a trough overall in the late 
1980s once again, but here the total began rising again in the 1990s, primarily due to 
increases in the funds available for measures under the petroleum and alternative 
energy policies, which have dominated energy policy since the second oil shock. 
The four special accounts in Figure 8.5 represent the main elements of general 
energy policy summarised in Table 8.1. The two electric power accounts are in fact 
primarily used to fund research and promotion of nuclear power as a safe and viable 
energy source, and to fund land acquisition and public relations campaigns in regions 
being considered as possible sites for nuclear stations. The coal account is mostly used 
to provide funds for the restructuring and phasing out of the domestic coal mining 
industry and rehabilitation of old mine sites. Some 90 per cent of the petroleum and 
alternative energy account is used for the govemment oil stockpile and the balance 
towards research and development of new energy technologies. Energy conservation 
measures make up a small part of the general energy budget. 
Energy conservation policy 
The government responded to the first oil crisis by re-thinking the directions of 
development for the economy, securing oil supplies and promoting increased 
efficiency of energy use in Japan. Six years later, when the Iranian crisis temporarily 
disrupted oil production and caused a second sharp jump in oil prices, the Japanese 
govemment responded by focusing on diversification away from oil as the primary 
fuel. At the time these efforts were separate from mainstream energy conservation 
programs, but with the recent revision of energy conservation policies has come 
recognition of the links between diversification of energy sources and greater energy 
efficiency, and both objectives have been tied together in the revised policies of the 
early 1990s. 
Energy conservation policy takes a minor role in general energy policy 
compared to the other three main elements: oil diversification; nuclear plant siting; 
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and securing of supplies of alternative energy sources^. The taxes on oil consumption 
and electricity generation indirectly promote conservation by raising prices, but in 
budget terms energy conservation measures are very minor — ¥400 million or less 
than 0.03 per cent of the 1993 energy budget was earmarked for energy conservation. 
Once the technology development allocations are included the share rises to 
5.4 per cent. Yet the net energy efficiency of the Japanese economy has improved 
dramatically. The core of the energy conservation part of energy policy are two laws: 
the oil-specific Sekiyu Dai-ga Enerugii no Kaihatsu oyobi Tonyu no Sokushin ni 
Kansum Hyo [Alternative Energy Law] and the Enerugii no Shiyo no Gorika ni 
Kansuru Hyo [Law on the Rational Use of Energy], more usually known as the Sho-
Ene Hyo [Energy Conservation Law], enacted in October 1979. 
The Alternative Energy Law was put in place in 1980 to promote 
diversification away from the strong dependence on oil as a primary fuel. The Law 
added to MITI's supervisory powers (Lesbirel 1989) and created NEDO to coordinate 
with the private sector in developing alternative energy sources. 
The 1970s were dominated by concems of stability of supply and volume 
security. Immediately following the first oil shock, crisis-type energy conservation 
measures were put in place, followed by longer-term energy conservation policies and 
the initiation of longer-term programs to develop alternatives to oil. In the early 1980s 
after the second oil shock, oil diversification and oil substitution policies dominated, 
while the measures promoting conservation and efficiency continued. For long-term 
stability, moves to encourage light industries rather than heavy industries throughout 
this period were quite successful, with manufacUiring continuing to take a larger share 
of GDP, but with the weight of the energy-intensive heavy industries declining 
(Kiji 1993; Uekusa 1988 p 97). 
On the supply side MITI continued to push for moves away from oil, and the 
Long Term Outlooks for Energy Supply and Demand in the 1970s forecast a serious 
(and undesirable) increase in oil consumption through the 1980s. Under these 
forecasts the oU diversification strategy continued even through the late 1980s as yen-
denominated crude oil prices fell to their lowest levels since 1973. 
3 Note that in this context, 'alternative energy sources' are energy sources other than oil and^e not 
what in Japan are referred to as 'new energies' - renewable non-traditional energy sources like 
solar thermal/solar voltaics, wind/wave power, geothermals etc. 
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The rigidities in the energy budget system associated with tax collection 
through the levies on oil consumption and electricity production were outlined above. 
The structure of the Oil Tax shifted in 1989 from being based on a percentage of 
value to being a flat per litre levy, thus holding prices up more while the value of 
crude fell. These higher taxes, necessary to maintain revenues in the energy budget for 
activities researching and promoting altematives to oil, meant that oil consumers did 
not benefit as much as they could have from the lower real crude prices (Lesbirel 
1989). 
The Energy Conservation Law was put into place at almost the same time as 
the Altemative Energy Law. Its three focal points are factories, the building industry 
and standards for appliances. The factories targeted by the Law are large and energy-
intensive, consuming more than three million kilolitres of oil equivalent annually. 
These factories account for some 70 per cent of the industrial sector (ECCJ 1992). 
Strategies for medium and small factories were developed through the 1980s with the 
main player being the Energy Conservation Centre of Japan. A detailed outline of the 
Law is shown in Appendix C , but the Law has four main targets: 
i) Factories 
The Law aims to encourage more effective use of fuel, and recovery and re-
use of waste heat, by ruhng on minimum standards for factories and the 
training of energy managers (through the Energy Conservation Centre) to 
supervise compliance with these standards. 
Industrial sites with high levels of energy consumption (equivalent to more 
than three million kiloUtres of oil (kloe)) are classified as 'designated energy 
management factories' and are required to have a number of energy managers 
and keep records (for government inspection) of energy consumption and 
management. Under the Law MITI is empowered to direct factory operators 
to change procedures and to require production of an 'energy rationalisation 
plan' if necessary. 
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ii) Buildings 
Under the Law, building owners are obliged to follow guidelines on the 
efficiency of air conditioning equipment. 
MITI is empowered to advise on design and construction and to give guidance 
on product quality to manufacturers of insulation and other building materials. 
iii Equipment 
Under the Law, manufacturers and importers of energy-consuming equipment 
are encouraged to improve the energy efficiency of equipment. MITI imposes 
regulations goveming standards for automobile fuel efficiency and the 
electrical efficiencies of airconditioners and other appliances. 
The Law requires that equipment be labelled to allow consumers to select 
energy-efficient products. 
iv) Others 
Provisions in the Law allow for introduction of financial and tax-related 
measures aimed at promoting the introduction of energy-efficient equipment. 
The Law also encourages scientific and technological research and 
development. 
Five key measures under the Law are discussed below: the Sunshine Project; 
the Moonlight Project; tax incentives; financial aid; and energy managers and the 
Energy Conservation Centre. 
The Sunshine Project, launched by MITI in July 1974, aimed to support 
development of new energy technologies using fuels other than oil. It has provided 
funding for projects focused on solar voltaics, coal liquefaction and gasification, wind 
power, geothermal and hydrogen energy sources (Figure 8.6). The New Energy 
Development Organisation (NEDO) was established in October 1980 and effectively 
manages the research being carried out under this project as well as undertaking some 
research itself with its staff of around 150. 
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Figure 8.6 Sunshine Project budget by main research area 
• solar energy 
• geothermal m coal 
• hydrogen m others 
note: Coal research focuses on coal liquefaction/gasification technologies. 
Source: Shigen Enerugii Cho 1993a p 388. 
The Moonlight Project was launched in 1978 by the Science and Technology 
Ministry, to further research and development of energy conservation technology in 
cooperation with NEDO, private companies and universities (Agency of Natural 
Resources and Energy 1991). Under the broad banner of this project, funded mostly 
from MITI's general energy budget, a number of projects to develop energy 
conservation technology receive funding, such as research into more efficient 
conversion of fuels, electricity storage, heat pumps, high efficiency gas turbines and 
super conductors (Table 8.2). 
Table 8.2 Moonlight Project - main components 
PROJECT Description Period Funding 
(¥billion) 
Fuel cell power R&D of advanced fuel cells: phosphoric 1981-1997 53 
generation technology acid; molten carbonate; solid oxide; 
alkaline 
Super heat pump energy R&D on high efficiency / high output- 1984-1992 10 
accumulation system temperature heat pump 25 Superconductivity R&D of superconductive rods and 1988-1995 
application technology generators 1988-1996 16 Ceramic gas turbine R&D on materials and technology for 
themial efficiency of >42 per cent 
Advanced battery R&D on sodium-sulphur, zinc-bromine 1992-2001 14 
electric power storage type batteries and system technology 
system 
Source: Shigen Enerugii Cho 1993a p 418-421 and ECCJ 1992 p 40. 
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The Project also includes smaller contributions of funding towards 
international cooperation into research and development of energy-saving 
technologies, subsidies for private sector development of energy-saving technologies 
and promotion of energy conservation through amendments to the JIS (Japanese 
industrial standards) classification system. Table 8.2 shows that the total costs of the 
main projects is some ¥118 billion. The budget for 1992 totalled ¥11.9 billion (ECCJ 
1992). In March 1993, the Sunshine Project, the Moonlight Project and other 
research and development activities on global environmental technologies were 
combined into the New Sunshine Project. 
Energy efficiency is promoted through a range of concessional tax and loan 
arrangements to business, through certification and auditing conducted by the Energy 
Conservation Centre of Japan and through public campaigns. 
The Energy Conservation Centre conducts activities aimed at promoting 
energy conservation in small-medium enterprises and promotes public awareness of 
the benefits of saving energy. Annual funding is in the order of ¥1.2 bilhon, with one-
third from govemment (mainly MITT) allocations and the balance from private sector 
donations and fees for services. The Centre coordinates training and certification of 
energy managers (around 2,500 participants a year) and conducts audits of small-
medium enterprises, offering guidance and advice on better management systems. It 
also coordinates major public campaigns, like energy saving day (on the fn-st of each 
month), energy saving month (February) and the energy check-up days at the 
beginning of winter and in the middle of summer. It publishes a monthly magazine Sho 
Enerugii [The Energy Conservation (sic)] as well as a range of technical books and 
manuals promoting specific energy saving techniques and technologies for businesses. 
The Centre has a broad program of international activities aimed primarily at training 
and transfer of energy-saving technology to developing countries. The technical 
expertise available through the Centre is also used to certify the specifications of 
energy conserving equipment which is ehgible for tax concessions under the Energy 
Conservation Law. 
The financial instruments used to promote energy efficiency in businesses 
include direct financial aid through concessional loans as well as tax concessions. 
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Under broad energy policy, an extensive and complex system of tax 
concessions is available for expenses ranging from contribution to energy 
diversification objectives, greater energy efficiency, oU and gas field development and 
nuclear power station construction. Measures promoting energy efficiency are 
available to businesses where certified energy-saving equipment is installed and put 
into use within a year of acquisition. Two concessional arrangements are available: 
i) a tax credit of 7 per cent of the acquisition price can be deducted from income 
or corporate tax liabilities; and 
ii) advanced depreciation is allowed in addition to ordinary depreciation, to a 
maximum of 30 per cent the acquisition price (Shigen Enerugii Cho 1993a 
pp 220-221). 
Additional concessions are available if the equipment is imported, encouraging 
the import of advanced technologies. 
As with the tax measures, financial assistance is available for a range of 
activities under broad energy policy as a whole. Within that framework, assistance for 
purchase and installation of energy-saving equipment is available from six sources 
offering concessional rate loans (5.35-5.55% in 1991 (ECCJ 1992)). 
i) The Japan Development Bank has loan programs for 'equipment contributing 
significantly to effective energy use' and for the promotion of co-generation 
systems. 
ii) The Small Business Finance Corporation has a program for acquisition of 
energy efficient equipment aimed at small-medium enterprises. 
iii) The National Finance Corporation has a program targeting similar equipment, 
though with a ceiling of ¥ 4 5 million. 
iv) The HokkaidoA^ohoku Development Finance Corporation also targets co-
generation systems and has an additional special program targeting plants 
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manufacturing caustic soda and chlorine which provides funding for 
conversion to more energy efficient processes. 
v) The Housing Finance Corporation has additional funds available for home 
insulation, high efficiency water heaters etc. 
vi) Government subsidies are available for the installation of solar energy systems 
in public institutions of local governments and concessional loans are also 
available for installation in homes and offices. 
Amounts lent by the larger institutions since the first oil shock are shown in Table 8.3. 
Table 8.3 Loans for energy-saving activities and equipment 
SOURCb 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 
Japan 
Development 
Bank 
1 5.7 9.2 10.7 11.6 21.2 19.1 31.0 36.9 47.3 
Small Business 
Finance 0.08 2.9 4.0 9.8 41.2 65.3 
Corporation^ 
National 
Finance 0.20 0.19 0.21 1.03 
Corporation^ 
SOURCh 1984 1985 1986 1987 1988 1989 1990 1991 Total 
Japan 
Development 
Bank 
36.7 22.2 28.7 27.8 22.5 29.8 34.7 49.0 445.1 
Small Business 
Finance 71.7 74.5 46.7 50.5 71.0 117.4 107.6 76.7 739.4 
Corporation^ 
National 
Finance 1.02 0.48 0.66 0.84 1.97 7.45 17.7 na 31.75 
Corporation^ 
a includes small share of funds for other energy-related purposes such as oil 
substitution and LPG installation 
Source: Shigen Enerugii Cho 1993a pp 332-333. 
The total value of loans from the Small Business Finance Corporation (SBFC) 
for energy-related purposes (almost all for energy-saving purposes) since the first oil 
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shock is some ¥739 billion, almost double the value of loans from the next biggest 
lender, the Japan Development Bank at ¥445 billion. The SBFC lent around 
¥ 7 0 billion annually for these purposes through the early 1980s, and the amount rose 
slightly in the late 1980s. The Japan Development Bank lent ¥30-40 billion yen 
annually for most of the 1980s, and this amount too rose slightly in the early 1990s. 
To put these amounts in perspective, they are the same order of magnitude as annual 
funding for the Sunshine Project (¥30-40 bilhon) and 3-4 times the annual budget of 
the Moonlight Project. It would be interesting to group the kinds of equipment and 
industries receiving these concessional loans, to see if there is any correlation with the 
industries identified in Chapters 4 and 5 as making major contributions to aggregate 
energy intensity decline. Unfortunately, detailed data on these loan schemes was not 
readily available. 
According to data in Kibune (1992a p 44), energy-saving investment in the 
manufacturing sector in Japan was around ¥200-400 billion annually in the mid-late 
1980s, around three to five times the total amounts lent by the institutions in 
Table 8.3, indicating that the take-up rate on these concessional loans has been high. 
There have been a broad range of policies impacting on energy consumption in Japan 
through the 1973-1991 period. These included industrial policies and associated 
structural adjustment in the economy; general energy policies and taxes on energy 
consumption; and specific measures aimed at improving energy efficiency in particular 
areas. The following discussion takes up the question of the effectiveness of these 
policies. 
IMPACT OF POLICIES ON ENERGY INTENSITY 
The review of policies above shows that energy pohcies were directed throughout the 
1973-1991 period at reducing oil consumption, diversifying energy sources other than 
oil and improving energy efficiency. Over the 1973-1985 sub-period these pohcies 
conformed with market pressures from the rapid rises in exogenous energy prices, 
which served as another incentive to increase energy efficiency and reduce energy 
consumption. In this sub-period, energy policies and energy prices both acted in the 
same direction, broadly discouraging profligate energy consumption. 
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Between 1985 and 1991, however, the energy price incentive was diminished 
by the fall in yen-denominated crude oil prices to pre-1973 levels (Figure 8.3 above). 
The falling crude oil prices in Japan were a combination of falling world energy prices 
and the strengthening yen. The impact of the lower crude oil prices on energy prices 
faced by consumers was buffered somewhat by rigidities in energy taxes and energy 
distribution which held up retail and wholesale oil prices and electricity prices 
(Figure 8.3). Yet despite prices faced by consumers not falling as far or as fast as 
crude oil prices, energy consumption growth rates (and oil consumption growth rates 
in particular) increased in the late 1980s (Figure 8.7). 
Figure 8.7 Primary energy and oil supply 
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Source: General Energy Statistics 1992, annual tables, and EDMC 1994, 
pp 16-17. 
In this latter sub-period, energy policies remained focused on increasing 
energy conservation and efficiency and continuing diversification away from reliance 
on oil, despite falling exogenous energy prices. Energy policies thus sought to reduce 
energy consumption growth rates, while the market began increasing energy 
consumption growth again, signifying that the policy and price incentives were no 
longer working in the same direction. 
The 1973-1991 period is therefore an important one in analysing the roles of 
govemment energy policies and market responses to changing exogenous oil prices in 
the reduction of energy intensity. Contrasting the energy intensity outcomes of the 
1973-1985 and 1985-1991 periods thus allows some differentiation of the two forces 
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and some assessment of which forces dominate — market and exogenous price forces 
or policy forces. 
The question posed at the beginning of this chapter was to what extent have 
Japanese energy pohcies contributed to the 37 per cent decline in aggregate energy 
intensity since the first oil shock. The pohcies summarised above have clearly been 
broad-ranging and sustained, some even expanded, over the 1973-1991 period. But 
how effective have energy policies been in bringing a dechne in aggregate energy 
intensity? The discussion below relates the actual changes in energy efficiency 
analysed in Chapters 4, 5, 6 and 7 to the policies reviewed above in order to assess 
the relative impact of energy policy measures and energy price changes. 
The Energy Conservation Centre is certain of the role of pohcy: 
'Up to now, Japan has practiced a general energy conservation policy 
as follows: 
a Effective use of the Law Conceming Rational Use of Energy 
(formulation and announcement of standards concerning 
factory energy management, housing insulation, and automobile 
fuel consumption). 
b Promotion of technology development related to energy 
conservation (Moonlight Project) and support for investment in 
energy conserving equipment through a tax system and 
financing. 
c Education and dissemination on energy conservation via 
government reports and the Energy Conservation Centre. 
As a result, energy consumption per unit of GNP in Japan has 
improved by approximately 37 per cent since the first oil crisis (1973).' 
(ECCJ 1992 p 21) [my emphasis] 
Despite this confidence, it is in fact difficult to assess the direct impact of 
policies and how effective they have been. 
In an econometric study, Perkins (1989) sought to determine the influence of 
policies on energy source diversification and energy conservation. Perkins noted three 
policy regimes and using a translog aggregate demand model found that it is 
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' . . .not possible to test the hypothesis that the Japanese government's 
energy policies have had a significant impact in reducing the income 
elasticity of energy demand and its price elasticity of demand except 
in the negative, [that is] ... a failure to achieve energy conservation 
and switching, given the extremely supportive policy environment, 
could well point to a failure of these policies.' (Perkins 1989 p 30) 
The results of the study suggest that there were significant improvements in 
energy conservation and some fuel switching, thus ruUng out a definite failure of 
policy. Perkins concluded that it is difficult to go beyond this testing of the negative 
hypothesis and to evaluate quantitatively the effectiveness of energy policies in 
achieving energy policy goals. Based on the level of achievement of the stated poHcy 
goals — energy conservation and diversification away from oil — Perkins concluded 
that: 
'Overall, the results do not tend to support the hypothesis that 
energy policies have been particularly effective in the long run. 
However, in conjunction with flexibly operating energy markets, 
policies designed to encourage energy conservation and industrial 
restructuring may have had some impact on reducing the income 
elasticity of energy demand.' (Perkins 1989 p 30) 
An alternative to econometric modelling is the following three-step process for 
evaluating the impact of poUcies: 
i) summarising the nature and intent of relevant policies; 
ii) testing the likely impact by considering the coverage and take-up rates of 
particular measures; and 
iii) assessing progress towards the stated policy goals. 
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The first two steps have been detailed in the review of policies above. The 
following part of this chapter concentrates on correlating the actual changes that have 
taken place in the structure of Japan's energy intensity as analysed in earlier chapters, 
with the aims of Japanese energy policy and the measures these policies put in place. 
A particular difficulty with evaluating Japanese energy pohcies, and energy 
conservation policy in particular, is the absence of stated goals or targets. Energy 
conservation policy is studded with objectives like 'promotion' and 'encouragement' 
rather than specific energy consumption or efficiency growth targets, hampering 
objective assessment. This difficulty is not unique to Japan (lEA 1991 p 13). The 
results of analysis in earUer chapters are useful in this context as they empirically 
locate the parts of the economy and the sub-periods responsible for changes in energy 
intensity. 
The discussion below addresses the third step by checking the technological 
changes and structural changes analysed earlier against the parts of the economy 
targeted for greater energy efficiency through each of the energy pohcies reviewed 
above: industrial policies, general energy policies and energy conservation pohcies. 
The next chapter discusses one of the few quantitative targets of Japanese energy 
policy, the goal of another 37 per cent reduction in aggregate energy intensity 
between 1990 and 2010, and assesses this target against the analysis of the 
mechanisms behind the reduction in energy intensity between 1973 and 1991 in this 
study. 
Industrial policy 
Overall economic structural change, not specifically hnked to energy pohcies, has had 
a major impact on Japan's aggregate energy intensity. Chapters 4 and 5 found that 
structural adjustments within the manufacturing sector favouring less energy-
intensive, higher value-added industries over energy-intensive industries were an 
important factor behind the sector as a whole requiring less energy per unit output in 
1991 than in 1973. This component of the decline in aggregate energy intensity due to 
structural adjustment in the manufacturing sector was augmented by substantial 
technological changes in energy efficiency in many industries, particularly in the 1973-
1985 period. The results in Chapters 4 and 5 showed that in the post 1985 period, 
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continuing structural adjustments were the main cause of the slight fall in aggregate 
energy intensity. 
Broad industrial adjustment has thus been a major factor behind the decline in 
aggregate energy intensity, and the associated decoupling of energy demand growth 
from economic growth in the 1970s. The disaggregated analysis in earlier chapters 
showed that most of the decline in aggregate energy intensity attributable to structural 
adjustment was caused by declining output shares of a few industries; notably iron and 
steel, chemicals and non-ferrous metals. Declining output shares of these industries 
accounted for most of the decline in aggregate energy intensity between 1985 and 
1991. 
The extent of structural change in the Japanese economy since the first oil shock and 
the impact of this restructuring on aggregate energy intensity was described in 
Chapters 4 and 5. Broad industrial policy in general has supported the directions that 
Japan's maturing manufacturing sector is taking, particularly the expansion of 
knowledge-intensive service industries, and shifts within the manufacturing sector 
towards less energy-intensive, higher technology industries (Kiji 1993; Uekusa 1988 
p 97). The services sector increased its share of GDP over the 1973-1991 period, but 
so too did the manufacturing sector. While the energy intensity of the services sector 
has increased, it is still well below that of the manufacturing sector. Any increase in 
GDP share of the manufacturing sector, therefore, tends to push up aggregate energy 
intensity. 
Chapter 4 confirmed that the increasing share of GDP from the manufacturing 
sector led to a small upward push on aggregate energy intensity. This upward push 
was countered by advances in the net energy efficiency of the sector. On balance, the 
manufacturing sector as a whole used some 49 per cent less energy per unit output in 
1991 than was required in 1973, a consequence of intra-sectoral structural and 
technological changes. This fall in the energy requirement for the sector per unit of 
output more than offset the upward push on energy intensity from the sector's 
increasing share of GDP. Overall, the manufacturing sector accounted for 84 per cent 
of the decline in aggregate energy intensity. This overall energy intensity change for 
the sector as a whole combines industry-level technological gains as well as intra-
sectoral adjustment favouring less energy-intensive industries. 
297 
The intra-sectoral structural change has been important from an energy 
intensity point of view. Chapters 4 and 5 showed that the main energy-intensive 
industries took a smaller share of sectoral output in 1991 than they did in 1973, 
contributing to the sector's significant share of the decline in aggregate energy 
intensity. The declining share of manufacturing sector output from the energy-
intensive industries and the increasing share of the higher value-added less energy-
intensive industries has been along the lines sought in policy statements. Chapter 4 
showed that over 68 per cent of the structural change component of the decline in 
manufacturing sector energy intensity was attributable to declining output shares of 
just two industries, iron and steel and chemicals. The non-ferrous metals industry also 
made a small contribution to this component of sectoral energy intensity decline. The 
policy-assisted decline of domestic aluminium refining discussed in Chapter 6 
underpinned the non-ferrous metal industry's falling share of sectoral output and 
hence the industry's contribution to sectoral energy intensity decline. 
The importance of the iron and steel industry in determining energy intensity 
was greatest in the 1985-1991 period. Chapter 4 showed that the small decline in 
energy intensity for the manufacturing sector as a whole in this period was mostly due 
to the iron and steel industry's falling share of sectoral output. 
Two other aspects of broad economic policy have had an impact on Japan's 
energy intensity: trade and domestic coal mining. 
Trade policy has tended to open up Japan, especially to imports of semi-
processed and processed inputs. Changing pattems of trade can affect aggregate 
energy intensity since GNP includes income earned from investments offshore by 
Japanese firms, but total primary energy supply does not count the energy that such 
production might have consumed. A greater proportion of offshore production 
therefore serves to reduce aggregate energy intensity. 
Japan's volume of trade as a proportion of GNP has increased, and Chapter 5 
concluded that expanding trade, particularly expanding imports, has had some impact 
on lowering Japan's domestic aggregate energy intensity. The proportion of primary 
energy supply embodied in imports rose from 24 to 28 per cent between 1980 and 
1990, and this growth rate was above the growth rate of primary energy supply, 
suggesting a move towards substitution of offshore production for domestic 
production. Imports of a few commodities, most notably aluminium ingots, have 
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increased significantly. Kibune (1988 p 93) estimated that offshore production was 
equivalent to some nine per cent of GDP in 1983, but that the impact of this on 
energy was small, amounting to a reduction of domestic energy demand of about 
one per cent per year. 
One further element of domestic economic policy impacting on energy 
intensity is the phasing out of domestic coal mining. This has taken place over a long 
period, with a series of coal industry rationalisation plans designed to end mining of 
domestic coal in the next decade (Shigen Enerugii Cho 1993c). The restructuring has 
been a long-term and expensive exercise, but one that has been essential given the 
high costs of extraction and the extension of mining into increasingly more dangerous 
coal seams (McCormick and Yamazawa 1992; Shimazaki 1990). Subsidies to the coal 
industry to smooth mine closures and reclamation accounted for almost 10 per cent of 
Japan's energy budget in 1992 (Shigen Enerugii Cho 1993a). The end of requirements 
on large energy consumers to purchase a minimum share of domestic coal has 
effectively reduced the price of coal in Japan as coal consumers are now able to buy 
cheaper imported coal and adjust their fuel mix accordingly (McCormick and 
Yamazawa 1992). 
In summary, the post-oil shock period saw significant structural change in the 
Japanese economy, supported by broad industrial policies rather than specific energy 
policies. Still the most energy-intensive sector, the increasing share of the 
manufacturing sector in GDP acted as an upward force on aggregate energy intensity. 
Structural change within the sector, however, and in particular the declining output 
shares of the energy-intensive industries, combined with technological advances in a 
range of industries to more than offset this upward force. As a result the sector as 
whole was responsible for most of the decline in Japan's aggregate energy intensity. 
General energy policy 
The four main objectives of post-1973 energy policy were summarised above as: 
reducing dependence on oil as an energy source; securing stable oil suppUes; 
promoting energy conservation; and promoting development and use of new energy 
sources. The two types of energy policy measures covered above were intervention in 
energy prices and non-price measures. 
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Through the period of falling crude oil prices from the mid 1980s energy 
conservation policy remained focused on the long-term objective of improving 
aggregate energy efficiency. Although energy prices faced by consumers did not fall 
to the same extent as crude prices, they returned to early 1980s levels in the early 
1990s. This divergence between the price incentive and the poUcy incentive allows 
some separation of causality. 
Figure 8.3 above showed the extent to which energy prices faced by 
consumers did not fall as far or as fast as crude oil prices. This was in large part due 
to government intervention in energy pricing. Electricity prices, set by government, 
remained high, and the tax on electricity producers was increased in 1983, serving to 
maintain the high electricity prices in the figure. 
Similarly, taxes on oil products were increased through the 1980s, 
contributing to the gradual fall of consumer oil prices in Figure 8.3, in contrast to the 
sudden fall in the crude price. The shift in the Oil Tax to a per litre levy rather than a 
percentage of value served to maintain the tax wedge in the price of oil in a period of 
lower crude prices. 
Whether these tax increases were for energy conservation purposes or for 
maintaining levels of revenue for the energy budget is unclear. The revenues raised by 
the taxes were remarkably consistent between 1985 and 1993, despite the fall in crude 
prices and increased oil consumption, suggesting that these two effects may have 
cancelled each other out. 
While the motivations are not clear, the effect of raising the taxes was to 
dampen the fall in crude prices. The price distortions introduced through the taxes 
reduced the rate and level of fall in energy prices faced by consumers, though in real 
terms prices had returned to early 1980s levels by the early 1990s. Chapter 7 showed 
that income and price elasticities for energy were quite low in the late 1980s, but final 
demand for energy still rose quickly. Energy consumption and energy intensity levels 
would have been higher without the dampening effect of the taxes, and the price 
measures have played a significant role in dampening the rise in energy consumption 
and intensity levels that would have been expected to follow the fall in crude prices. 
Despite the falls in retail and wholesale energy prices being less than the falls 
in the crude oil price, the rate of decline of energy intensity in Japan still eased 
significandy in the late 1980s (Chapters 4 and 5). That this happened while poUcy 
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remained unchanged suggests that energy price, and expectations of energy price 
trends, may have been more influential on the ultimate outcome than policy measures. 
Expectations of prices play a key role in investment in energy-saving 
equipment. Throughout the early period (1973-1985) prices rose and were expected 
to continue rising. This stimulated the government to policy action and stimulated the 
private sector to invest in cost-effective energy saving measures. In a climate of rising 
prices these investments are expected to have good rates of retum, by reducing 
energy input costs. 
In the mid 1980s, not only did crude prices fall but the expectation of future 
rises also disappeared. Forecasts used in the latest Long-Term Outlook for Energy 
Demand and Supply are based on real crude prices staying at current levels until 2010 
(nominal crude prices in the order of US$20 in 2000 and US$30 by 2010) 
(Fujime 1995 p 13). This is a concern to policy makers keen to dampen energy 
consumption growth rates as it provides little incentive for industry to take up energy 
saving investment opportunities (Ikuta 1994 p 9). 
Even if investments in energy-saving technologies are cost effective at a 
particular time, without the expectation of future price rises, reUirns on investment 
will be low and investments less likely to be made. In the Japanese case, the take-up 
rates of the soft loans has remained high, but in the late 1980s this did not translate to 
the same rate of improvement in energy intensity as earlier (Sagawa 1990 p 53). This 
is a combination of the loss of cost-effectiveness; the end of run of readily instaUed 
technologies with large energy savings; and the fading of 'energy conscious mind'— 
the fading of the perceived importance of energy conservation (Tomitate 1992 p 4). In 
this climate energy policy incentives need to be large to overcome barriers 
(Ikuta 1991b pp 9-10). Current taxes do have a significant impact on prices, but are 
not enough to bring renewed high rates of energy efficiency improvement, especiaUy 
in the residential sector (Ikuta 1991b p 10). Modelling suggests that a hefty carbon 
tax in the order of 100 per cent would need to be imposed to have a major impact on 
energy consumption and efficiency levels (EDMC 1992b pp 13-14), and it would need 
to be seen as a permanent change in energy prices While this would be a major 
intervention in energy markets, it is less of a price hike than that induced by the 
exogenous rises in crude prices in 1973 and 1979. 
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Of the measures other than direct intervention in prices, energy source 
diversification measures make up the largest proportion of the energy budget. But 
these measures will only have an impact on energy intensity if there are some net 
savings (on a kilocalorie base) from switching between fuels. Switching oil-fired 
electricity generation for nuclear power, for example, will effectively bring some 
energy efficiency gains as primary fuel inputs per kilowatt-hour output will fall. 
Increasing output of electricity from renewable sources will have the same effect. The 
review above noted that the proportion of the energy budget for specific energy 
conservation measures has been small, though major technological gains have been 
made in many industries. 
The effect of the first oil shock on Japan was exacerbated by the very high 
dependence on oil as primary fuel source in 1973. Energy policy through the 1960s 
had supported an 'oil-first, coal-second' strategy which, coupled with industrial 
policies supporting the strong growth of the energy-intensive industries, led to very 
rapid growth in oU consumption from 37 per cent of total energy supply in 1960 to 
77 per cent in 1973 (EDMC 1993a). While these policies were quite successful, the 
unforeseen consequence was the recession in 1974 that followed the rapid crude oil 
price rises. After the oil shock, the pro-oil policy was reversed. 
The main statements on the objectives of policies to reduce dependence on oil 
are found in MITI's Long-Term Outlooks for Energy Demand and Supply. These 
Outlooks have been prepared irregularly since 1967, and are not so much official 
projections of patterns of energy supply and demand as policy objectives (Ikuta 
1991b, 1990; Fesharaki 1990; Lesbirel 1989). The Outlooks consistently overstate 
actual energy demand levels, leading Lesbirel (1990) to conclude that one of the 
functions of the Oudook is to encourage large consumers to be more efficient in 
consumption in the face of very gloomy predictions of rapidly-growing energy 
demand. The objective of diversification of oil sources has been somewhat successful, 
with dependence on Middle East oU falHng from 77 per cent in 1974 to a low of 
68 per cent in 1987. Dependence on imports from the Middle East rose again, 
however, to 75 per cent in 1992 (EDMC 1994). The Outlooks consistently contain 
optimistic projections for the development of Japan's nuclear generated electricity 
capacity. Japan's nuclear power stations generated some 30 per cent of Japan's 
electricity in 1992, up from just 2 per cent in 1973. The ambitious nuclear program in 
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the Outlooks, however, has not been reahsed and is unlikely to be fully realised 
(Fujime 1990b). 
While these elements of energy policy affected Japan's fuel mix, source of oil 
imports and levels of nuclear generated electricity, apart from the growing share of 
nuclear electricity they have not had a great direct impact on energy consumption 
levels (in kilocalorie terms) and thus have not had a great impact on energy intensity 
levels. If there is a connection between energy policy and dechning energy intensities 
it must be through other aspects of energy policy: price intervention, energy 
conservation policy and in particular the energy conservation law. 
Chapters 4, 5 and 6 highhghted the importance of structural change on energy 
intensity levels, and also highlighted the extent of technological change in a number of 
key industries. This technological change reduced the amount of energy required to 
produce unit outputs in many industries. Chapter 5 showed the cumulative effect 
these developments had on energy intensity levels once indirect energy consumption is 
taken into account. Energy conservation policies through the 1970s and 1980s 
contained a variety of measures designed to encourage the kinds of technological 
efficiency gains observed in many industries. The following section considers the 
focus of energy conservation policies and the actual changes in energy conservation 
and efficiency observed in earher chapters to assess the effectiveness of policies and 
the extent to which policies can be said to have 'caused' decreases in energy intensity. 
Energy conservation policy 
The foundation of energy conservation policy is the Energy Conservation Law and its 
components: efficient use of energy in factories, building and appliances; the 
Sunshine Project; the Moonlight Project; tax incentives; financial aid; and energy 
managers and the Energy Conservation Centre. To what extent have these 
instruments themselves influenced energy efficiency levels? 
Earlier data quantified the contribution of technological change to the decline 
in Japan's aggregate energy intensity. Chapter 4 showed that technological efficiency 
gains were a major part of energy intensity decline throughout the economy, and 
particularly in the manufacturing sector, from 1973 to 1985. Technological change 
accounted for a major part of the improvement in aggregate energy intensity in this 
period. 
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Chapter 5 confirmed the importance of technological change in feeding 
through intermediate inputs in the manufacturing sector, and Chapter 6 detailed 
particular process innovations in the key energy-intensive industries. Energy 
conservation in energy-intensive large factories was an important part of energy 
conservation policies in the 1980s, and earlier chapters showed how significant 
improvements in energy efficiency in these large factories have been in reducing 
aggregate energy intensity. Earher chapters emphasised the importance of just two 
industries, iron and steel and chemicals, in determining energy intensity levels, though 
these two industries were not the particular focus of energy conservation pohcies. 
Table 8.4 Energy efficiency policies and outcomes in five industries 
INDUSTRY Energy policy aims Installed processes 
Diffusion 
rate (%y 
Iron & steel 
Oil products 
(ethylene) 
Cement 
Improvement of operational 
technology 
Recovery of waste energy 
Improvement of production 
processes 
Introduction of high energy-
efficiency equipment 
Rationalisation of production 
process 
Greater recovery and re-use of 
waste heat 
Installation of NSP kilns 
Improve milling technology 
Greater utilisation of waste heat 
Paper & pulp Waste heat recovery 
Improvement in efficiency of 
production process 
Glass Insulation 
Improved furnace sealing 
Installation of waste heat boilers 
High-temperature continuous casting 15 
equipment 
Top pressure recovery generators 18 
Coke dry quenching equipment 47 
High performance naptha decomposition 100 
reactor 
High efficiency composer 100 
Gas turbine 100 
SP/NSP kibis 79 
Vertical mills 7 
Low/middle heat recovery 35 
High efficiency valve cleaners 36 
Continuous digesters 29 
High efficiency presses 22 
Waste heat boilers 100 
a Proportion of facilities using designated technologies as at March 1991. 
Source: Shigen Enerugii Cho 1993a p 422. 
There are only few hard data available on the direct outcomes of specific 
energy conservation policy measures, despite the clear indications in Chapters 4, 5 
and 6 that technological change leading to energy conservation has been important in 
many industries. There are some data, for example, on the specific energy-efficiency 
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policy goals for five key energy-intensive industries which shows the technological 
advances towards the goals and the dispersion of these technologies through the 
industries. These data are summarised in Table 8.4. 
Some technologies have been adopted widely and are now diffused 
throughout particular industries, while adoption has been more limited in others. The 
oil and refmery products industry, for example, has taken up three energy-saving 
technologies across the whole industry. The glass industry too has installed waste heat 
boilers in all facilities. 
The impUcation is that factory efficiencies have in fact improved along the 
lines advocated in energy conservation pohcies. It is more difficult, however, to say 
just how much efficiencies have improved, how much of the improvement was caused 
by policies and conservation measures introduced by govemment, and how much due 
to fuel price and competitive pressures. 
Discussion above on the take-up rates for concessional loans suggests that 
policy measures have been useful. Table 8.3 showed the extent of the concessional 
loans offered for energy-conserving equipment. The volume of these loans was 
around one-third to one-fifth the manufacturing sector's investment in energy-saving 
technology, suggesting that the loan schemes made a significant contribution to 
installation of this equipment. It is difficult to estimate what the volume of investment 
in energy-saving equipment would have been in the absence of the loan schemes. 
An emerging concern for policy makers has been the flattening of industry 
energy efficiency curves in the late 1980s. This coincided with the fall in yen-
denominated crude oil prices and suggests that the most cost-effective technologies 
have akeady diffused as far as possible and new gains will need to come from new 
technologies and new processes (Fujime 1991, 1989; Dcuta 1991b). 
Efficiency of electrical appliances has been a particular target of energy 
conservation policy with MITI setting guidelines on minimum standards and 
implementing a labelling system to help consumers take efficiency into account when 
choosing goods. The policy has been effective, at least to the extent that the efficiency 
of standard sized appliances improved significantly through the 1970s. As with 
industrial processes, however, the trend of rapidly improving efficiencies flattened in 
the mid 1980s. While the electrical efficiencies of particular appliances have improved, 
the policy's effectiveness has also been limited by the trends noted in Chapter 7 for 
305 
increasing demand for larger appliances and for households to have more than one of 
some appliances. Chapter 7 reported, for example, that while the energy efficiency of 
a standard television improved by 40 per cent between 1973 and 1983 (though only 
marginally since then), some 80 per cent of households now have two television sets. 
The Moonlight Project injected substantial funds into large scale energy 
conservation technology research and development. The projects have had no impact 
on the changes in energy intensity between 1973 and 1991 as none of the new 
technologies had been adapted for commercial use. Most projects are long-term and 
still a decade or more away from commercial application (ECCJ 1992). 
The Sunshine Project provided funding for research and development of 'new' 
energy sources. Some progress has been made in developing and installing small scale 
alternative energy sources: solar voltaic generators, solar thermal hot water heaters 
and small wind generators. These technologies do have an impact on primary energy 
intensity as they produce heat and electricity without consuming primary fuels. The 
small scale of these set ups, however, apart from the solar hot water heaters 
(4.5 million in place in March 1992), means they have only had a marginal effect on 
aggregate energy intensity decline (Shigen Enerugii Cho 1993a p 184). Coal 
liquefaction and gasification technologies are being developed by the electric power 
industries, and while these will bring some small thermal efficiency gains, the 
technologies are more directed at simply substituting coal for crude oil than moving to 
altemative fuels. 
CONCLUSION 
The 1973-1991 period saw both economic growth and strong growth in aggregate 
energy efficiency, effectively marking a decouphng of energy demand growth from 
economic growth. The main causes of improved aggregate energy efficiency were 
technological change and the declining share of the energy-intensive industries in the 
manufacturing sector. The framework of government policies affecting energy 
consumption and energy intensity included industrial and general energy policies as 
well as specific policies on energy conservation. 
Industrial policy sought, among other goals, an increasing share of 
manufacturing output from newer, less energy-intensive industries at the expense of 
the older, heavy industries. 
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General energy policy focused consistently throughout this period on securing 
supplies of crude oil, reducing dependence on imports from the Middle East and 
promotion of nuclear electricity generation. General energy policies included direct 
intervention in energy pricing as well as a range of non-price measures. Taxes and 
levies on oil consumption and electricity generation provided the bulk of funds for 
energy policy measures through the 1970s and 1980s. 
Few of the non-price measures had an impact on energy intensity levels. Oil 
diversification had only a marginal effect on aggregate energy intensity, and the effect 
on primary energy demand of increasing electrification has been partially offset by the 
nuclear program. Chapter 5 showed that the electricity generation sector was 
responsible for a significant but small proportion of the dechne in aggregate energy 
intensity at around six per cent. 
Energy conservation policy set a framework m this period which supported 
energy efficiency gains in the key energy-intensive industries, though the funding of 
these measures was only a small part of the total energy budget. Energy conservation 
measures targeted all large, energy-intensive factories. The changes in the iron and 
steel and chemicals industries were much greater than in other industries but there was 
not a particular poUcy focus on these industries, as there was on aluminium smelting, 
for example. Specific tax and financial measures appear to have contributed to energy 
efficiency gains across all industries, and concessional loans made up a significant 
share of energy-saving investment. Appliance efficiency improved quickly through the 
1970s, in line with policy goals, but flattened in later years. 
Energy policies remained fixed on long-term objectives to reduce dependence 
and oil and promote energy conservation throughout the 1970s and 1980s. The 
effectiveness of policies in attaining these objectives was tested by the fall in the price 
of crude oil in the mid 1980s. Between 1973 and 1985, when energy policies 
supported market-driven aims to improve energy efficiency, substantial reductions in 
energy intensity were made. In the late 1980s however, without the same market 
incentive for energy conservation or the expectations of energy price rises in the near 
future, policies alone did not bring significant change. 
It is clear that during the earlier period of most rapid aggregate energy 
intensity decline, 1973-1985, policies and prices were both acting to encourage 
greater conservation and efficiency of energy use. The govemment's twin goals of 
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energy efficiency and maintenance of economic growth fitted well with industry's own 
performance goals. 
Rigidities in energy pricing, especially in taxes and levies on oil consumption 
and electricity generation, along with the setting by government of electricity rates at 
the highest levels in the world, prevented most of the falls in the crude oil price being 
passed on to consumers, large and small, in Japan. The taxes and levies served to 
discourage energy consumption by raising prices to consumers. The proportion of the 
tax wedge in energy prices effectively increased in the late 1980s as crude oil prices 
fell, since the main taxes were based on volumes rather than values of crude and 
refined oil. As well as actual crude prices falling, expectations of crude prices pointed 
to the low price levels continuing through the 1990s, reducing incentive to invest in 
energy-saving technologies. 
With exogenous price factors and price expectations working in the same 
direction as policies between 1973 and 1985, significant gains were made in 
diversification away from oil, development of nuclear electricity generating capacity 
and energy conservation in energy-intensive industries. After 1985, however, with 
falling world crude prices, progress on these pohcy goals slowed. The nuclear 
electricity generating program continued, but reliance on oil grew in this period, and 
the rate of change of energy efficiency in the manufacturing sector slowed 
significantly. 
While prices were high and rising and pohcies encouraged energy source 
diversification and conservation, Japan's aggregate energy intensity fell sharply, based 
on changes in two manufacturing industries in particular. With exogenous prices 
falling, and expected to stay low, progress towards policy goals slowed. Hence, while 
policies appear to have assisted progress with energy efficiency, it does not seem to 
be the case that policies were the driving force behind the decline in aggregate energy 
intensity. This conclusion was also reached by Perkins (1989). 
The emerging sectors of high energy demand and intensity growth have high 
income elasticities, making it more difficult to pursue the twin goals of economic 
growth and energy efficiency growth. In the residential sector in particular, energy 
intensities rose steadily in this period though retail and wholesale energy prices did 
not vary as much, either up or down, as crude oil prices. These sectors also fall under 
new jurisdictions, outside MITI's traditional purview (Kibune 1992a p 54) and are 
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more heterogeneous, making it much more difficult to maintain income growth and 
reduce energy consumption simultaneously in these sectors than it was in the 
manufacturing sector. 
The next chapter looks at how energy policy in Japan is responding to the 
challenges these developments pose. 
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9 Sweets and Whips: New Energy Policies in Japan 
Chapter 8 analysed the effectiveness of Japanese energy policies over the 1973-1991 
period. Japanese energy policies were revised in the early 1990s in response to global 
concerns to reduce emissions of greenhouse gases from fossil fuel consumption, and 
low crude oil prices which had led to increasing rates of oil consumption growth in 
Japan from the late 1980s. 
This chapter outUnes new energy policies instituted in Japan in the early 1990s 
to take account of these two factors, and assesses the scope for these pohcies to 
deliver further sizeable reductions in aggregate energy intensity between 1990 and 
2010. 
SHIFTING GROUND: NEW ENERGY POLICIES 
Since 1986 Japanese energy policy has sought a 'balance between energy security and 
energy cost' (Enerugii Keizai Kenkyujo 1987 p 120) so as not to waste economic 
resources continuing a relatively expensive shift out of oil during a period when oil 
prices are low. Energy conservation and efficiency policies were boosted in the early 
1990s as Japan began considering its global responsibilities to cut greenhouse gas 
emissions following the Toronto conference on changing atmospheres in 1988. 
Following a period of much lower rates of decline in energy intensity in the 
late 1980s, the Japanese government's renewed push to reduce fossil fuel 
consumption led, for the first time since the oil shock, to marked divergence between 
industry and govemment objectives. MITI's long term energy policy goal of reduction 
of dependence on oil as the dominant fuel was renewed and funding for oil-
diversification and energy conservation measures was boosted in the early 1990s. For 
industry, exogenous oil price falls meant that maintaining and even boosting oil 
consumption emerged in the early 1990s a rational objective, at least in the short term. 
In 1990 and 1992 Japanese energy policies were substantially revised for the 
first time since the first oil shock in 1973. The government's main energy pohcy-
making committees proposed a number of revisions to broad energy policies, and to 
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energy conservation policies, based on expectations of future energy price and 
consumption patterns. The expectations hinge on several important changes in the 
energy policy environment in recent years: 
i) The emergence of global concerns about the impact of energy consumption 
on the environment. 
ii) Changes in the nature of energy demand in Japan 
the slowing of gains in aggregate energy efficiency, 
the slowing of energy efficiency gains in the energy-intensive 
manufacturing industries in particular, 
increasing affluence and consequent changes in lifestyles and energy 
demands, 
emergence of the new areas of high energy consumption growth rates 
(service industries, personal consumption and transport). 
iii) A period of low crude oil prices. 
In consequence of this changed environment a number of changes to energy related 
laws, administration and bureaucracy have taken place. 
Energy consumption and the environment 
The 1970s saw the emergence of a wider understanding of the links between energy 
consumption and environmental degradation — automobile and industrial pollution 
and emissions of carbon dioxide, carbon monoxide, sulphur and nitrous oxides leading 
to acid rain and diminished air and water quality, for example. The Japanese 
government responded in the 1970s with strict controls on the emissions of sulphur 
and nitrous oxides, which saw airborne pollution levels faU dramatically in the main 
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urban centres (Parker 1995). More recent concern to curb the emissions of CO2 and 
other 'greenhouse gases' led to revisions in the structure of Japanese energy policies. 
The connection between economic activity and the state of the environment 
returned to the front pages with the publication of the United Nations' World 
Commission on Environment and Development report Our Common Future in 1987. 
The report expressed grave concern at projections of global primary energy 
consumption growth under 'business as usual' scenarios. Such rates of growth, the 
report suggested, would lead to significant environmental degradation through acid 
rain (sulphur and nitrogen oxide emissions), carbon dioxide emissions, and urban 
industrial air pollution and greater potential for nuclear accidents (WCED 1990 
p 2 1 6 ) . 
Soon after the release of Our Common Future, the Toronto Conference on the 
Changing Atmosphere took place in 1988. Participants urged adoption of the 
'Toronto Target', a goal of reduction in global CO2 emissions of 20 per cent by 2005. 
An international framework treaty for action on these targets was agreed at the 
United Nations 'Earth Summit' in Rio de Janeiro in 1992 (Parker 1993). Since the 
Rio conference, the most public energy-related issue has been the level of global 
emissions of CO2 and the connection between anthropogenic CO2 emissions and 
warming of the earth's atmosphere through the so-called 'greenhouse effect'. 
Boyle (1989) suggests that most global CO2 emissions are attributable to a 
few countries, 52 per cent to the United States, Russia and China alone, and that 
Japan accounts for only 9 per cent of global emissions. Nonetheless, the Japanese 
Government acted on the outcomes of both the non-government Toronto and UN Rio 
conferences, recognising the connection between fossil fuel consumption, CO2 
emission and warming and setting its own CO2 emission reduction targets. 
The Japanese Govemment's main reaction to the target urged by the 
participants in the Changing Atmosphere conference was the Action Plan to Arrest 
Global Warming. The Program was announced in late 1990 and aims to hold per 
capita levels by 2000, and absolute CO2 emissions at 1990 levels by 2010 if possible. 
The foundation of the Action Plan is an expectation that aggregate energy efficiency 
gains of the same scale as those achieved between 1973 and 1991 will allow Japan to 
meet the emissions targets without compromising economic growth. Whether or not 
this reliance on aggregate energy efficiency gains is justified has recently been 
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questioned as better understanding emerges of the connection between economic 
activity, energy consumption and CO2 emission (Ikuta 1994; Kudo 1994; Matsuo 
1992). 
Oil price rises in the 1970s were a catalyst in the industrialised world for 
energy efficiency improvement, allowing economic growth to continue while 
restraining net CO2 emissions, despite subsitition to coal. lEA member countries have 
averaged a 25 per cent decline in energy intensity since the oil shock and without this 
would have emitted some 19 per cent more CO2 (lEA 1991 p 15). 
Despite the steps taken in the two decades after 1973, progress in decreasing 
energy intensity has not been uniform between or even within economies, and it is 
difficult to predict energy demand growth rates over the next two decades, and 
consequently to predict CO2 emission rates and levels. Economic policy plays a key 
role in planning for the Toronto targets, but programs based on past performance 
alone are flawed. 
in the social sciences, the discovered 'laws' are neither 
natural nor exact Thus, replication of the past is likely to say 
little about the future because future occurrences will deviate 
from the historical circumstances' (Labys 1982 p 160). 
In the face of this uncertainty, it is still economic policy decisions made today 
that wiU dictate the extent of the burden passed on to future generations. Many 
economists suggest caution: 'Irreversibility and uncertainty alone are sufficient to 
dictate extreme caution about adding to the problem, and action now rather than 
later' (Pearce 1989 p 82). While there is general agreement that 'something must be 
done' (eg Harris 1991), there is little agreement on what should be done and when. 
Much of this disagreement hinges on predictions of the extent to which future 
economies will be better able to deal with emissions and other forms of pollution than 
today's economies — faith that technological solutions will be found once prices are 
set and values ascribed, once the extemalities are intemalised. 
Expectations of future energy demand scenarios and technologies set the 
boundaries for economic policies aimed at reducing CO2 emissions. While limiting 
growth would be the most effective way of limiting energy demand and emissions in 
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the short run, the longer run is not so clear as growth might weU bring technology 
transfer, more technological development and more efficient processes, particularly in 
developing economies (Drysdale 1994 p 53). 
The apparent trade-off between growth and environmental protection is 
somewhat circular, and depends largely on the definitions of both growth and 
environmental protection. Once environmental quality (or even simply the level of 
CO2) is factored into measures of economic growth, the trade-off disappears since 
degradation of environmental quality lowers the value of growth and policies must 
take account of both elements. More important is the path chosen to minimise CO2 
emissions. The most cost-effective strategies incorporate full-cost pricing of the costs 
of energy consumption as well as the benefits to minimise economic inefficiencies 
(Sagoff 1990 p38). 
In energy policy planning to minimise CO2 emissions, Proops et al (1993 p 10) 
caution against using cost-benefit approaches because of the high levels of uncertainty 
and the inability to factor in and gain the 'right' prices. Future prices depend on 
discount rates and some economists suggest that social discount rates are below 
market rates (Fisher 1989) and while the choice of discount rates is somewhat 
arbitrary, the rate defines the scale of transfers derived to compensate future 
generations for environmental damage caused by the current generation. 
Using the 'right' prices to internalise extemalities means that prices should 
also include specific components like clean-up of sites, reversal, where possible, of 
greenhouse gas emissions and incorporation of the costs of disposal of nuclear waste 
and of de-commissioning nuclear plants when assessing true energy prices. Boyle 
(1989) argues that 'full cost' pricing makes renewables more cost effective. 
Pricing is one tool of energy policy available for pursuing specific goals like 
those under Japan's Global Warming Action Program. Exogenous price rises, such as 
those during the oil price shocks of the 1970s, provide a strong incentive for energy 
consumers to improve the efficiency of energy use, to maintain output while 
minimising energy input, thus also minimising emissions. The Program, discussed in 
more detail below, avoids additional intervention in energy prices (such as a formal 
carbon tax) beyond existing taxes and levies and focuses on promotion of 
technological developments to aid energy conservation and higher energy efficiency, 
and of systemic approaches to energy consumption throughout the economy — for 
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example in transport systems and their relationship with town planning and travel for 
work. The Plan recognises the effect on the environment of economic activity, but 
seeks alternatives to reducing that effect other than by curtailing economic activity 
itself. 
Changes in the nature of energy demand 
Earlier chapters have highlighted the changing nature of energy demand in Japan 
following the first oil shock. The changes are characterised by substitution away from 
crude oil as the main primary fuel and by significant energy efficiency gains — the 
latter through technological advances in production processes and structural changes 
that saw a fall in the share of output of the energy-intensive manufacturing industries. 
More recently, the rapid declines in aggregate and sector^ energy intensities 
have slowed. A number of recent Japanese studies have pointed to the decline in 
'energy conservation consciousness' and an expectation that the rate of energy 
conservation improvement will continue to decline (Ikuta 1993, 1991b; Tomitate 
1992; Fujime 1991). The slower rate of energy efficiency growth in the late 1980s 
was seen as a consequence of the end of the run of the most readily installed, most 
cost-effective energy-saving technologies that followed the oil shocks (Sagawa 1990; 
Fujime 1989; Sangyo Kenkyujo [Industry Research Centre] 1990). 
Energy demand growth strengthened in the late 1980s in the manufacturing 
sector, and has also shifted to new parts of the economy, notably the services sector 
and private energy consumption, which have higher income elasticities of energy 
demand than the manufacturing industries. 
These changes mean that the energy economic landscape in the early 1990s 
was very different to that in early 1970s. In the 1970s there was considerable scope 
for upgrade of processes and installation of energy-saving technologies. By the late 
1980s, however, most of the readily implementable, most immediately cost-effective 
measures had been taken, leaving less room for large-scale energy efficiency gains, 
especially in manufacturing. 
A period of low real oil prices 
In Japan there were signs of a need to revise energy conservation policy before the 
Rio Summit when in the mid 1980s, with yen-denominated oil prices falling to early 
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1970s levels, energy consumption began growing rapidly and energy efficiency began 
to worsen in some key sectors. 
The mid 1980s saw a period of downward trending oil prices coupled with the 
appreciation of the yen against the US dollar, which led to (jnergy prices in yen terms 
falling to levels lower now than they have been since 1972. Low inflation in Japan, 
linked to the high yen, helped to also hold energy prices down in real terms. The low 
price levels have continued since 1986, rising only briefly at the time of the war in Iraq 
(Figure 8.3). The dollar-denominated price rise in the first quarter of 1993 was largely 
offset in Japan by the stronger value of the yen. 
Lesbirel (1989) highlighted some of the inbuilt rigidities and interests within 
the bureaucracy and industry groups that have prevented much of the crude oil price 
fall being passed on to consumers. Figure 8.3 showed that retail gasoline prices have 
not fallen as much as crude oil prices since the mid 1980s. The real retail gasoline 
price index in 1991 stood some 30 per cent lower than the 1982 peak, while real 
crude oil prices fell 74 per cent over the same period (EDMC 1993a). 
Despite the stickiness in prices faced by consumers, energy supply levels, and 
once again oU supply levels in particular, rose in the late 1980s and early 1990s 
(Figure 8.7). By 1992 oil supply levels were well up from ithe 1985 low and 
approached the levels of the late 1970s. The utilities have had windfall gains on the 
back of the strengthening yen and plunging crude costs which dramatically reduced 
the costs of their primary energy inputs. The Economic Planning Agency took steps to 
ensure that some of tiiese profits were returned to electricity consumers in the early 
1990s. This led to a small fall in electricity prices, but the govemment-set price 
remained high. The high income elasticities for electricity derived earlier indicate that 
dropping retail electricity prices is likely to increase demand further. 
The late 1980s also saw overall decline in energy-related spending. Figures 8.4 
and 8.5 (overall energy budgets) showed that govemment energy-related expenditures 
contracted, falUng by 27 per cent from a high of ¥855 biUion in 1986 to a low of 
¥624 billion in 1988 (Agency of Natural Resources and Energy 1986, 1988). This 
trend was only reversed with the policy changes following the Toronto conference, 
the Rio Summit and emergence of environment as the driving force behind renewed 
energy efficiency campaigns. 
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NEW ENERGY EFFICIENCY POLICY 
The United Nations 'Earth Summit' in Rio de Janeiro in 1992 coincided with 
increasing sense of the responsibilities of global citizenship within Japan, as well as 
pressure from outside Japan for the country to take a leading role in pressing global 
issues. Environmental protection and environmentally friendly technology have been 
two areas in which Japan has been taking more of a public intemational role (Shigen 
Enerugii Cho [Agency of Natural Resources and Energy] 1993a p 231). 
Environmental protection is now a part of the fundamental structure of 
Japan's general energy policy, and new laws have been enacted to go with the 
changed priorities. These new laws and revised approaches are focused on systematic 
solutions to difficult problems, marking a change away from the emphasis on the 
manufacturing sector in energy policy, and in energy conservation policy in particular, 
since the first oil shock. The new measures combine ame to muchi [carrots and sticks; 
lit: sweets and whips] in a renewed bid to raise energy efficiency levels {Nihon Keizai 
Shimbun, 25 May 1993 p 35) 
Japan's greenhouse gas emissions abatement commitments coincided with 
recognition of the shift in sources of energy demand (described in Chapters 4, 5 and 
7), from industry towards personal consumption in the household and transport 
sectors. Industry is still a major consumer of energy, but it is these other areas that are 
the fast-growing sources of energy demand. This changing location of energy demand 
is recognised in the aspects of new policies, discussed below, which seek to reduce 
energy consumption while maintaining and enhancing quality of life. The first sign of 
the new policies was announcement of the Action Program to Arrest Global 
Warming. 
The Action Program to Arrest Global Warming 
The first action taken by the Japanese government in response to the Toronto 
conference in 1988 was announcement by the Council of Ministers for Global 
Environmental Conservation of the Action Program to Arrest Global Warming in 
October 1990. The program aims to reduce dependence on fossil fuels, curb emissions 
and promote CO^ absorption. The volume of total CO2 emissions is closely tied to 
population levels, and the Action Program aims first at stabilising Japanese CO2 
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emissions at 1990 levels on a per capita basis by 2000. The Program then aims to 
stabihse total CO^ emissions by 2010 (MITI 1990). 
According to the Program, the necessary cuts in emissions will come from 
greater conservation and efficiency measures, changing the mix of fuels, continuing to 
promote nuclear-generated electricity and natural gas, and systematic changes in 
urban and regional transport, production, residential and energy supply structures. 
The Program's demand-side policies emphasise: 
i) co-generation and the use of conventionally unused sources of energy such as 
the heat by products in factories, waste disposal plants and subways; 
ii) greater efficiency in supply and utilisation systems such as high efficiency heat 
pumps, auto-thermostat air conditioning systems and more efficient fuel cells; 
and 
iii) improving social systems — implementation of large scale recycling of 
household waste, upgrade of mass transit and traffic systems and discussion 
about the introduction of daylight saving. 
The supply-side strategies focus on minimising the use of greenhouse-gas emitting 
fuels and hence emphasise new energy sources and more development of hydro and 
geothermal sources. The intemational aspects of the Program overlap with a larger 
program of intemational cooperation and the funding of Japan's Clean Aid Plan 
jumped from ¥270 million in 1992 to ¥1.29 billion in 1993, again reflecting the link 
between domestic energy policy and intemational environmental concems. 
With the adoption of the Program, Japan's energy budget began increasing 
once again in the early 1990s. The energy budget increased again in 1993 with 
adoption of the Energy Demand and Supply Intensification Law. 
The Energy Demand and Supply Structure Intensification Law 
In November 1992 three of the MITI Minister's committees (the Industrial Structure 
Committee, the Energy Advisory Committee and the Industrial Technology 
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Committee) issued a joint statement on the future directions of energy and 
environmental policy. The policy emphasised the need to enhance the quality of life 
while minimising energy consumption and sets out three fundamental principles to 
guide a revision of energy efficiency policy (Shigen Enerugii Cho 1993a p 194): 
i) measures to include all sectors of the economy; 
ii) moving from equipment to systems; and 
iii) assistance for independent efforts. 
These principles set a different agenda from the principles of energy policy in 
the 1970s and 1980s which were based on efforts to assist introduction of energy-
saving technologies in heavy industries in the manufacturing sector and on long-run 
research and development projects to develop more energy efficient and oil-
alternative technologies. 
The concepts behind the revised energy policy framework have been 
summarised by MITI's Resources and Energy Agency as follows (Shigen Enerugii 
Cho 1993a p231-232): 
i) The necessity to boost energy efficiency further, especially in the transport and 
residential sectors. 
ii) The need to develop clean energy sources, such as nuclear and other non-fossil 
fuels, must gain more public acceptance and closer attention must be paid to 
developing the best mix of fuels using new technologies. 
iii) Greater efforts in exploration, development and cooperation to secure suppHes 
of oil, coal and natural gas. 
iv) Broad policies like the new Energy Demand and Supply Structure 
Intensification Law need cooperation across all govemment ministries and 
between the public and private sectors. 
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v) The need for greater international cooperation, including transfer of energy 
efficient technologies, to combat global warming. 
Coincident with this renewed policy push has been a restructuring of energy 
conservation policy. The laws on energy conservation, development of alternative 
energy sources and diversification away from oil were combined in early 1993 to form 
the Enerugii Jyukyu Kozo Kodoka Ho [Energy Demand and Supply Structure 
Intensification Law], 
This new Law renews the emphasis on energy conservation with a mixture of 
carrots and sticks, and sits alongside the 1991 Ozone Layer Protection Law and the 
1992 RecycUng Law to form the basis of Japan's new energy policy and the heart of 
the Action Program to Arrest Global Warming. 
The new Energy Demand and Supply Law seeks renewed cooperation from all 
parts of society in energy conservation; supplements measures designed to guarantee 
this cooperation; and endorses the NEDO programs on alternative energy sources. 
The preamble to the law states that the revisions are necessary to take account of 'the 
recent sudden increase in energy consumption that has added to the fragility of 
Japan's energy consumption structure.' In addition to promoting introduction of clean 
energy sources, the Law aims to 'promote general energy conservation through 
structural reforms on both supply and demand sides' (MITI 1993c p 37). The Law is 
comprehensive, drawing together the Energy Conservation Law, the Oil Substitution 
Law and the Coal and Oil Special Accounts Law. 
The Law uses a variety of instruments including continuing tax concessions 
and subsidised loans for installation of particular facilities in factories and in the 
construction industry. The Law also strengthens supervisory measures such as the 
requirement for annual reporting by factories on energy consumption profiles, with 
under-performing sites Uable for inspections, advice and help with planning more 
rational use of energy (MITI 1993c p 37). The policy revisions favour systematic 
approaches to energy saving including regional energy supply systems, and provide 
funds for NEDO to extend its intemational cooperation efforts in the Asia-Pacific to 
promote removal of sulphur from coal and promote dispersion of energy conserving 
technologies. 
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The Law brought with it an increase in the overall budget from the targeted 
special accounts to ¥1,091 biUion, up from ¥780 bilUon in 1988. It also brought a 
64 per cent increase in energy funding for energy conservation projects, from a total 
of ¥ 5 3 billion to ¥ 8 7 billion. Specific measures on energy efficiency are summarised 
below (from Shigen Enerugii Cho 1993a p 275-277 and MITI 1993c pp 37-40). 
Industry measures are based on recognition that there is little further scope for 
effective investment in major, readily instituted energy saving measures and so 
emphasise: 
i) greater enforcement of existing guidelines; 
ii) instituting a system of loan guarantees for funding installation of approved 
energy-saving equipment (¥550 billion available in 1993); and 
iii) assistance to small-medium enterprises to replace old furnaces and boilers 
(¥450 billion available for loans in 1993). 
In personal energy consumption, greater energy consumption is expected as 
Japan's economic development continues, bringing with it consumers' desires for 
larger appliances, and more appliances, slowing the rate of growth of the aggregate 
efficiency of apphances actually in use. Specific measures to increase efficiency 
include: 
i) promotion of household insulation; 
ii) support of technological development in energy efficient consumer appliances; 
and 
iii) campaigns to strengthen public support for and participation in energy 
conservation activities. 
In the services and office sector, several factors are pushing energy 
consumption levels up rapidly: growth of the 'service culture', 24 hour a day 
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businesses; the information explosion, fast local delivery services and office 
automation advances. Measures to promote energy efficiency include: 
i) enforcement of existing guidelines for landlords and building owners; 
ii) raising efficiencies of buildings through tighter guidehnes on construction 
approvals; and 
iii) debt guarantees to encourage installation of energy saving equipment and 
processes in buildings. 
In the transport sector, increasing motorisation is pushing up energy 
consumption levels. Usage of private vehicles, currently accounting for over 
80 per cent of energy consumption in the sector, is expected to increase with more 
affluent hfestyles, larger cars used more often and more leisure time. High fuel 
efficiency of these vehicles is seen as very important. In this context: 
i) tightening of the guidehnes on efficiency of motor vehicles is necessary; and 
ii) modal shifts of transport towards more efficient transport systems need to be 
developed. 
Systematic measures promoted by the Law include regional co-generation 
systems and intra-regional 'cascading' of energy from high temperature speciahsed 
uses down to low grade general heating (funded at ¥ 1 7 0 billion in 1993). Heat and 
electricity generation from waste is also promoted and funding of ¥ 4 4 0 bilhon was 
provided in 1993 for development of nuclear and renewable energy systems. The Law 
also proposes the development of energy saving social systems integrating personal 
consumption, transport and lifestyles into a low-energy social system. Realisation of 
low-energy lifestyles includes introduction of summertime, energy education in 
schools and businesses and the promotion of 'low energy sports' and recreational 
activities. Reahsation of low-energy transport systems involves major improvements 
in infrastrucuire and shifts away from energy-intensive transport modes. Recychng, 
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employees taking two-day weekends and longer holidays can all play a part in 
reducing overall energy needs. 
Under the revised policies, the Sunshine and Moonlight Projects have been 
combined into the 'New Sunshine Project' and expanded, with total funding projected 
to increase from ¥600 billion to ¥1,550 bilhon through to 2020 (Shigen Enerugii Cho 
1993a pl87). 
Comparison of the objectives and measures outlined above with those in 
Table 8.1 highlights the differences in the new directions in energy conservation policy 
from previous laws. The Energy Demand and Supply Law has a much broader, 
systematic focus that includes measures targeting new, high-energy demand growth 
areas for the first time. It also shifts the focus within the manufacturing sector from 
large, heavy industries to small and medium enterprises and closer enforcement of 
existing guidelines. The Law is the key part of Japan's greenhouse gas emission 
control strategy. 
The new energy pohcy framework reflects the difficulties in boosting energy efficiency 
and oil-diversification measures in a period of low, stable crude oil prices and 
increasingly affluent lifestyles when energy demand is moving away from the 
manufacturing sector. The new framework attempts to bring a more systematic 
approach to energy flows in the economy, and has brought new funding to promote 
energy conservation measures. The Action Program marks a shift in energy 
conservation pohcy from reliance on narrow technological efficiency gains in the 
manufacturing sector to a more systematic approach across the whole economy. This 
approach is designed to handle more effectively the shift in energy demand growth 
away from manufacturing and towards the tertiary sector and private consumption. 
WILL THE NEW STRATEGIES WORK? 
While the new Energy Demand and Supply Structure Intensification Law is full of 
rhetoric about systematic solutions to reduce energy consumption growth, overall it 
appears to continue the paths set by the earlier laws that were combined in its 
formation. The Law promotes 'systematic solutions', but these are not clearly laid out 
and appear to be in the research phase rather then the application phase. By offering 
incentives like tax breaks and loans it continues to promote incremental improvements 
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in equipment in factories and hence through industries. The law also pushes micro 
(enterprise level) efficiency through its requirements for closer monitoring and 
enforcement of existing regulations. 
The gains from these pohcies will be marginal as there is little room for 
sizeable cost-effective improvements in energy intensity in the main energy-intensive 
industries while energy prices remain low. This is due to a combination of 
technological and economic limitations. 
There has been extensive investigation into these industries showing that while 
incremental gains will continue at the low levels seen through the 1980s, there are no 
big technological breakthroughs expected, and the ability of the other industries to 
come up with major savings is very small, especially as the share of the energy budget 
of these industries is itself small (Kudo 1994 p 51; EDMC 1992b; EDMC 1992a; 
Sangyo Kenkyujo 1990). The next phase of technological innovation holding promise 
of a jump in energy efficiency involves new processes rather than new equipment. 
New processes, such as direct reduction of iron ore, while still experimental, offer the 
potential for significant energy efficiency gains. 
The economic limitations hinge not only on low crude price levels but on the 
expectation that these low prices will continue through the 1990s. Without the 
incentive of rising prices, retums on investments in energy efficiency are perceived to 
be low. Without expectations of future price rises, development and installation of 
technologies already known to be technologically more energy efficient may not be 
taken up. 
The likely effectiveness of some of the programs in the Energy Demand and 
Supply Law is reduced by the emphasis on improving the quality of the flows of new 
goods rather than retrofitting to improve the net energy efficiency of stocks of goods. 
Data used in Chapter 7 confirmed that the stock average efficiency of most appliances 
is well below efficiencies of new products. In motor vehicles, for example, while unit 
fuel efficiencies (per engine size) have improved significantly, the increasing average 
engine size of vehicles has pushed up average fuel efficiency. In housing. Chapter 7 
confirmed the gap between economically efficient levels of investment in energy 
saving technologies in typical house construction, and the poor state of most of the 
housing stock. This is despite the pattern in Japan for private homes to be rebuilt 
every 10-15 years. 
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The Global Warming Action Program has specific targets which the Energy Demand 
and Supply Law is expected to deliver. In setting greenhouse gas emission reduction 
targets, the underlying assumptions and the framework for the Program is that the 
economy can continue to grow strongly (at around 4 per cent per annum) while 
reducing its energy consumption and greenhouse gas emissions. 
The Program assumed real (1990) oil prices of US$30/bbl in 2000 and 
US$45/bbl in 2010 which are expected to work as major incentives to energy 
efficiency (Fukami 1992 p 61). These price levels are akeady perceived as being 
unrealistically high, with the current Long Term Outiook assuming crude prices will 
stay at current real levels and will rise slightiy in nominal terms from US$20 in 2000 
to US$30 in 2010) (Fujime 1995 p 13). Fukami notes that the current instruments are 
loose, relying largely on rising intemational energy prices as the primary motivating 
forces, with marginal domestic efficiency improvements to be encouraged by the 
policy instruments above. Nonetheless the goals are ambitious and Fukami argues that 
additional measures are necessary such as stricter legislative controls on emissions, 
change to the energy-related tax system and consideration of a carbon tax. Modelling 
by tiie Energy Data and Modelling Centre and MITI indicates that without such 
measures, energy consumption and greenhouse gas emissions levels will continue to 
rise and the government's targets will not be achieved. 
The EDMC report Wagakuni no Keizai, Enerugii Jukyu ni kan sum Keiryo 
Bunseki [Modelhng Japan's Energy Demand and Supply] pubhshed in September 
1992 models energy demand and CO2 emissions under four policy scenarios: 
introduction of 50 per cent carbon tax; changes in industrial structure; introduction of 
100 per cent carbon tax; and promotion of highly efficient new energy. The modelling 
suggests that only the most radical scenarios (100 per cent carbon tax combined with 
high levels of use of 'new energy') brought projected 2010 CO2 emissions close to 
levels targeted in the Action Program. These scenarios yielded energy consumption 
growth rates of 1.1 per cent per annum, which are currently already being exceeded, 
and which are weU below forecasts in the latest Long Term Outlook of 1.5 per cent 
per annum. The 100 per cent carbon tax is not being considered by the government as 
a realistic option, neither are the levels of introduction of new energy sources and 
energy efficiency gains required by these two scenarios. 
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Fujime (1991) found similar results when modelling energy demand and CO2 
emissions under similar scenarios. Fujime projected decline in aggregate energy 
intensity of 27 per cent between 1988 and 2010, well short of the 37 per cent 
reduction required to meet greenhouse emission targets. The modelling suggested that 
economic growth rates would need to be one percentage point lower than desired 
over the 1988-2010 period in order to meet the emission reduction targets. The 
4 per cent economic growth rates in the Program were revised downwards in the 
latest Long Term Outlook, to 3.5 per cent per annum through to 2000 and 
2.5 per cent per annum beyond that. Ikuta (1994 p 4) considers these growth rates are 
still too high for energy policy objectives to be met and suggests that a growth rate of 
2 per cent per annum would be more likely to yield a more manageable rate of growth 
of energy consumption. Japan's ability to meet its CO2 emissions targets is 
questionable under these conditions (Yuasa 1995; Ikuta 1994; Kudo 1994; Matsuo 
1992; Tomitate 1992). 
On the energy consumption side. Chapter 4 showed that the small 
improvement in aggregate energy efficiency in the manufacturing sector between 1985 
and 1991 came from inter-industry structural change, since technological intensities 
increased in most industries over the period. In magnitude, the late 1980s gains are 
smaller than those of the 1970s, thus while the overall shift between 1973 and 1991 is 
significant, it is strongly weighted towards the 1970s. As noted above, bottom-up 
analysis of the energy-intensive industries, which accounted for 95 per cent of 
aggregate improvements in energy efficiency in manufacturing, suggests that few 
immediately installable and cost-effective technologies are currently available. 
The inter-industry structural change is due to the share of outputs of the main 
energy-intensive industries falling — not so much due to their production levels 
declining as their growth rates being smaller than the booming ones like electrical 
machinery and office and communication equipment (Kiji 1993 pp 8-10). Thus the 
energy efficiency gains in the 1990s must be based on the output shares of these heavy 
industries continuing to fall — on strong growth in the 'hght' industries. Adding 
indirect energy consumption to these relations reveals indnect as well as direct energy 
consumption, and with this factored in, the apparently 'light' industries like plastics, 
electrical appliances and machinery are quite large consumers of energy (Yoshioka 
1992 and Chapter 5). 
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In addition, while there have been major improvements in the efficiency of 
energy use in the manufacturing sector, the main energy growth sectors are in 
business and household energy use and in transportation. Energy consumption rates in 
these sectors will have a big influence on overall consumption rates in the next fifteen 
years, though the policy approach to these industries is more micro, and is also 
outside MITI's traditional jurisdiction (Kibune 1992a p 54). The projections of 
achievable large energy efficiency improvements in the non-manufacturing sectors are 
optimistic given the expectations of continued moderate economic growth and 
consequent further growth in income-related energy demand. 
Demand for electricity is growing faster than demand for any other type of 
energy, and clearly efficiency in the process of electricity generation is crucial, as is 
the mix of fuels used in generation and maximising efficiency in consumption. The 
electricity industry consumed 22 per cent of total energy supply in 1991, and so is 
responsible for a large proportion of greenhouse gas emissions. Current greenhouse 
policy in Japan does not single out the generating efficiency of this sector for 
particular attention. Policies remain broad, promoting nuclear power without setting 
CO emission targets for the industry, or seriously considering demand side 
management (DSM) as an incentive to rationalising electricity production and 
consumption. 
Greenhouse gas emissions reduction requires a better mix of fuels as well as 
reduced consumption and increased efficiency in energy use. On the supply side, as 
noted above nuclear power is still being promoted by the government and utilities, 
though the delays in construction are becoming even longer, and current energy prices 
suggest that the cost effectiveness of these plants is about the same as new clean coal 
technology thermal plants. On the other hand, the utilities themselves are pursuing 
efficiency in generation, minimisation of emissions and research into CO^ removal 
from exhaust gases followed by fbcing the CO^ so it is not released into the 
atmosphere. 
There is an emerging consensus amongst energy economists in Japan that without a 
carbon tax to renew the price incentive, the targets set out in the Action Program will 
not be met. In particular, the foundation for the Program — that the aggregate energy 
intensity gains of the last two decades can be replicated over the next fifteen years — 
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seems fundamentally flawed. A specific set of conditions existed in 1973 which 
effectively provided considerable slack in industrial energy consumption processes and 
scope for structural change. Structural change itself is not a definitive, simple solution 
as the apparently 'light' industries are major indirect consumers of energy, and so long 
as their inputs are produced in Japan they will continue to induce high energy demand 
in Japan. 
Low world oil prices and stronger than expected energy growth in high 
income elasticity areas add to the difficulty of replicating the decline in aggregate 
energy intensity that took place between 1973 and 1990 over the 1990-2010 period. 
These issues could be addressed, and models incorporating scenarios of higher energy 
prices, very high efficiency gains and advanced progress of new renewable energy 
source technologies do yield the desired levels of energy consumption growth and 
greenhouse gas emissions. Japan's new energy policies, however, while apparently 
aimed at resolving future energy consumption challenges are not targeted sufficiently 
and continuing economic growth is likely to bring continuing strong energy demand 
and rising per capita greenhouse gas emissions. 
CONCLUSION 
A range of policies in Japan have contributed to the improvement in aggregate energy 
intensity. While it is difficult to quantify the extent of energy intensity change 
specifically due to policies, both policies and exogenous price movements provided 
impetus for energy saving and greater efficiency in energy use for most of the 1973-
1991 period. In the latter part of this period, yen-denominated crude oil prices began 
falling while energy policies remained largely unchanged. Taxes on oil consumption 
and electricity generation prevented falls in crude prices from flowing through to 
consumers, and while consumer prices did not fall as far or as fast as crude prices in 
the mid 1980s, this period still allows some separation of price and policy effects on 
energy intensity levels. Japanese energy policies were substantially revised in the early 
1990s for the first time since 1973, in response to global concerns about greenhouse 
gas emissions, changing patterns of energy demand in Japan and an expectation that, 
in the short term at least, crude oil prices would remain low. 
Broad economic policy in Japan supported the kinds of intra-sectoral 
structural adjustments noted in eariier chapters which have allowed manufacturing 
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sector output to rise with a lesser rate of energy consumption growth. This structural 
adjustment accounted for a significant proportion of pre-1985 energy intensity 
decline, and for most of the small decline in aggregate energy intensity between 1985 
and 1991. 
General energy policy in the post oil shock period focused on a number of 
objectives, many not directly relevant to energy intensity levels. Diversification of oil 
sources, expanding stockpiles and switching between oil and coal were the main 
components of Japan's energy budget over this period. These objectives were, in large 
part, met quite successfully until the mid 1980s. The other main component of the 
general energy budget, promotion of nuclear-generated electricity, has been less 
successful, at least to the extent that actual volumes of electricity generated from 
these plants has consistently been less than projections. While growth of nuclear-
generated electricity has not been as great as projected, it has had an impact on 
aggregate energy intensity levels as nuclear plants do not require primary fuels in their 
operation. 
Taxes on energy raised most of the revenue required for measures under 
general energy and energy conservation policies. Levels of revenue were maintained 
while crude oil prices fell as the taxes were restructured, dampening the effects of the 
crude price falls on consumer energy prices. Electricity prices were kept high, despite 
the windfall gains flowing to the utilities from the lower crude prices. 
Energy conservation measures were a small part of general energy policy 
throughout the 1973-1991 period. These measures included a number of innovative 
and long-term research and development projects into energy technologies and 
renewable energy sources (the Moonlight and Sunshine Projects). Other energy 
conservation measures were laws on energy use in large factories designed to 
minimise energy wastage and maximise recovery and re-use of energy within plants; 
tax and other financial incentives to install energy-efficient technologies; and building 
and appliance regulations. While these measures clearly assisted all large energy users 
in refining their production processes, it was developments in just two industries, the 
steel and chemicals industries, that underpinned the decline in aggregate energy 
intensity. 
World crude oil prices peaked in the early 1980s. The strengthening yen and 
low inflation in Japan meant that yen-denominated crude prices stayed low through 
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the late 1980s. Prices to Japanese energy consumers did not fall as far or as fast as 
crude prices due to the taxes on oil consumption, electricity generation and to the 
government maintaining high electricity prices. 
With the dramatic fall in crude prices and with consumer prices falling in the 
late 1980s to early 1980 levels, the technological changes within the industries that 
had driven the decline in aggregate energy intensity between 1973 and 1985 slowed, 
and even reversed in some industries. This was a combination of the end of the run of 
readily installed cost-effective energy-saving technologies that followed the oil 
shocks, coupled with the end of expectations of significant future energy price rises. 
Energy conservation policy measures remained largely unchanged through this 
period, while the actual energy intensity declines slowed, suggesting that exogenous 
energy prices and expectations of future prices were an important incentive for energy 
efficiency change in the manufacturing sector. With both price and policy measures 
supporting energy efficiency improvements between 1973 and 1985 substantial 
efficiency gains were made. But in the late 1980s, without the environment of rising 
energy prices, Japan's energy conservation policies seemed unable to deliver the kinds 
of large-scale changes they were aimed at. 
Recognition in Japan of the slowing of the rate of decline of energy intensity 
and the likelihood of crude oil prices remaining low in historical terms for some time 
coincided with the re-emergence of global concerns about the impact of energy 
consumption on the environment. The revision of Japan's energy and energy 
conservation policies in the early 1990s was triggered by these two elements. 
Japan's revised energy policies emphasise the need to look for new sources of 
energy efficiency improvement in the economy, and for new sources of energy, and 
highlight the importance of systematic solutions to restrain energy demand growth. In 
practical terms, the new policies contain few measures to address these aims and 
overall reflect a continuation of past policies by providing broad tax, financial, and 
research and development measures and some monitoring of minimum energy 
efficiency regulations. The long-term research and development into alternative and 
renewable energy sources funded under these policies is not expected to deliver 
significant benefits in energy consumption and efficiency terms in the near future. 
Japan's CO2 emissions abatement targets, of stabilisation of per capita 
emissions at 1990 levels by 2000 and stabiUsation of total emissions at 1990 levels by 
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2010, rely on aggregate energy intensity improvements of the same order of 
magnitude over the 1990-2010 period as occurred in Japan during the 1973-1990 
period. A consensus is emerging that this is an unrealistic assumption without major 
government intervention in energy pricing and intervention to radically boost energy 
efficiency levels (Yuasa 1995; Ikuta 1994; Kudo 1994; Matsuo 1992; EDMC 1992b; 
Yoshioka 1992; Tomitate 1992; Fujime 1991; Fukami 1992). 
There is clearly not the scope in Japan's current pattern of energy demand for 
the same scale of aggregate intensity dechne that was seen in the immediate post oil 
shock period. Current policies will not deliver the CO2 output targets without very 
large increases in primary fuel prices, through a carbon tax, for example. Such price 
rises would themselves restrain economic growth and are most unlikely to be forced 
by the government. 
It seems that Japan's CO2 emissions targets are likely to go the way of the 
targets of many other industrialised economies, weU-intentioned but more wishful 
thinking than hard objectives. 
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1 0 Conclusions 
This study set out to explain the substantial decline in Japan's aggregate energy 
intensity between 1973 and 1991. In terms of aggregate energy consumption per unit 
of GDP, Japan's energy intensity fell by 37 per cent over this period, a larger decline 
than in any other OECD country. In analysing Japan's aggregate energy intensity, the 
study sought to explain the apparent decouphng of energy demand growth from 
economic gromh evident in data for Japan in the 1970s. The analysis aimed to assess 
the lessons from the Japanese experience and to provide a basis for informed 
assessment of the Japanese govemment's stated target of the same rate of decline in 
aggregate energy intensity over the 1990-2010 period. 
Lingering concerns about energy security have meant that Japanese research 
on energy issues tends to focus on energy supply and projections of energy demand, 
rather than on how the economy makes productive use of the energy it acquires. Little 
attention has been paid in the economics literature to energy intensities in Japan, 
despite the centrality of assumptions about future rates of change in aggregate energy 
intensity to Japan's current policies on abatement of greenhouse gas emissions. The 
1973-1991 period is a useful one to examine as it includes sub-periods of both rising 
and falHng real oil prices and ends with the first major revision of Japanese energy 
policy since the first oil shock. 
The study set out to look at the whys, whens and hows of the decline in 
Japan's aggregate energy intensity, and to use the conclusions as a base from which to 
assess Japan's future goals in energy efficiency. It developed and applied a method for 
decomposing changes in energy intensity rather than changes in energy consumption 
levels. The method is suitable for analysing data showing significant underlying 
structural change and decomposes changes in aggregate energy intensity into 
structural change and technological change components. 
The study analysed technological changes in particular industries, and how 
these fed through to changes in sectoral and economy-wide energy intensity. Earlier 
chapters examined structural changes between sectors, between industries and within 
industries to quantify the effect of these changes on energy intensities. Structural 
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changes include falling output shares of the energy-intensive industries. Structural 
changes also include changes in the mix of outputs and inputs which influence the 
volume of energy embodied in mputs — indirect energy intensities. The study sought 
to quantify the shares of these technological and structural changes in the decline in 
aggregate energy intensity and apphed the same approaches at the intra-industry, 
inter-industry and broad sectoral levels of aggregation. 
The economics literature generally argues that change in aggregate 
coefficients of energy intensity are useful only as a guide to comparing the aggregate 
efficiency of energy use. Changes in these coefficients reflect changes in too many 
underlying factors to be useful in understanding the mechanisms of how energy use 
becomes more efficient. To overcome this constraint the analysis here combines the 
results of several approaches to disaggregated energy demand and intensity analysis 
and builds a more comprehensive picture. 
In examining the main influences on energy demand in Japan, the hterature 
consistently finds that own-price energy elasticities have varied with trends in oil 
prices while income elasticities have generally decreased. Published analysis suggests 
that there seems to have been an increase in own-price elasticities after the oil price 
shocks in 1973 and 1979, and then a drop in these elasticities in the 1980s. Modelling 
of energy demand elasticities and the elasticities of substitution between energy and 
other factors of production suggests that long-run aggregate elasticity of energy 
demand and output in Japan has varied from over 1 in the 1960s to around 0.7 in the 
late 1980s. 
Energy is one of the main factors of industrial production along with capital 
and labour. The economics literature suggests that while changes in energy prices do 
bring substitution between factors it is difficult to derive unambiguous theoretical 
conclusions on the net effect of price shocks, as a significant energy price change will 
affect the relative prices of aknost all economic activities. In Japan's case this 
ambiguity is reflected in results for the relationship between capital and energy, which 
appear to be substitutes when time-series data is used and complements when cross-
section data is used. Energy and labour are consistently substitutes. 
Analytic approaches that model energy-economy interactions seek to identify 
broad relationships — either in the aggregate energy coefficient or in demand 
coefficients. Published demand elasticities and elasticities of substitution for Japan are 
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not dissimilar from results for other countries, and yet the extent of change in Japan's 
aggregate energy coefficient has been much greater. The difficulty in applying these 
modelling techniques to Japan after the 1973 shock derives from the extent of 
underlying structural change in the economy. 
A disaggregated approach is the most suitable way of analysing the nature and 
causes of changes in the Japanese economy that lie behind the decHne in Japan's 
aggregate energy intensity. 
Chapter 1 set out five components of energy demand: 
i) changes in energy intensity in the manufacturing sector, which has been both 
the main energy consuming sector and the source of most of the energy 
efficiency gains in the last twenty years; 
ii) evaluation of the role of inter-industry trading and changes in indirect energy 
consumption in energy efficiency gains; 
iii) analysis of the processes of technological change in key energy-intensive 
manufacturing industries and assessment of the scope for further efficiency 
gains; 
iv) the impact of the emerging high energy demand growth areas — electricity 
consumption and private (residential) energy consumption in particular; and 
v) the structure and impact of energy conservation policies over this period and 
the emergence of a new energy policy agenda. 
Analysis of the first two components undertaken in this study involved 
decomposition of the dechne in aggregate energy intensity to identify where in the 
economy and over which sub-periods change in energy intensity was concentrated. 
The hypothesis tested was that both structural change and technological change 
played important roles in changes in energy intensity. 
Analysis of aggregate industry output data and primary energy consumption 
data over the whole period leads to the conclusion that Japan's total energy 
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requirement per unit of GDP declined by some 37 per cent between 1973 and 1991. 
This data used in its disaggregated form allows decomposition of this decline in 
energy intensity into the main technological and structural change components. This 
approach to analysis of energy intensities has not previously been taken using 
Japanese data, and leads to different conclusions from those of analyses of the 
changes in the volume of energy consumption done more routinely in Japan. 
The approach taken in this study has provided some important results. Firstly, 
Chapter 4 identified the sources in the Japanese economy of the decline in aggregate 
energy intensity. Some 84 per cent of the decline in aggregate energy intensity stems 
from technological changes and structural adjustments in the manufacturing sector. 
Disaggregated analysis identified the 1973-1985 sub-period as accounting for almost 
90 per cent of the decline in aggregate energy intensity between 1973 and 1991. Since 
1985 there has only been a small, 11 per cent, dechne in aggregate energy intensity 
and energy intensities in some of the key industries have actually increased. 
This disaggregated analysis showed that over the whole 1973-1991 period 
technological change is the dominant factor behind changes in aggregate energy 
intensity in Japan. The increasing share of output of the manufacturing sector over 
this period led to the structural change component of energy intensity change pushing 
aggregate energy intensity up. This pattern of change in the components of aggregate 
intensity is significantly different from the patterns observed in other economies. 
Chapter 1 noted that in the United States between 1973 and 1988 structural changes 
accounted for 30 per cent of the dechne in aggregate energy intensity (Boyd et al 
1897; Kelly et al 1989; Schipper et al 1990), and 10 to 30 per cent in the United 
Kingdom, Germany and France through the 1970s and 1980s (Jenne and Cattel 1983; 
Bending et al 1987). 
Of the technological intensity change across the Japanese economy, most is 
sourced in the manufacturing sector, meaning that aggregate manufacturing sector 
unit output required less energy in 1991 than in 1973. This change clearly results from 
a mix of technological and structural changes within the manufacturing sector. 
Within the manufacturing sector, some 87 per cent of the contribution to the 
decline in aggregate energy intensity is attributable to technological advances and 
structural adjustments in just five energy-intensive industries: iron and steel; 
chemicals; ceramics and cement; pulp and paper; and non-ferrous metals. The balance 
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between structural change and technological change components within the 
manufacturing sector in Japan more closely resembles the patterns in other economies. 
Some 38 per cent of the decline in manufacturing sector energy intensity between 
1973 and 1991 in Japan was due to structural changes within the sector, the 
remainder due to technological changes within the industries in the sector. 
The structural change and technological change components acted in the same 
direction within the manufacturing sector in Japan over the 1973-1985 period, both 
pulling the sector's energy intensity down. Between 1985 and 1991, however, there 
was ahnost no technologically-driven decline in energy intensity, and the small change 
in energy intensity observed was based on structural changes within the sector which 
saw the output share of the five main energy-intensive industries continue to fall. This 
pattern of change in the two components over time was also seen in the United 
Kingdom, Germany and France (Jenne and Cattel 1983; Bending et al 1987). In China 
most of the change in the energy intensity of the manufacturing sector between 1980 
and 1988 was due to technological change, more like the results obtained for Japan 
between 1973 and 1985 (Huang 1993). 
The results above address the first hypothesis and quantify the shares of the 
technological and structural change components of decline in aggregate energy 
intensity. The second main hypothesis addressed by the study was that in addition to 
direct energy consumption, the changes in the patterns of indirect consumption of 
energy are also factors behind the change in aggregate energy intensity. 
Indirect energy consumption is the volume of energy embodied in non-energy 
inputs to a manufacturing process. Chapter 5 identified an additional component of 
change in aggregate energy intensity. This additional component is the share of 
change in energy intensity due to changes in the mix of inputs. That is, changes in 
production processes (technologies) that affect a range of material inputs, not just 
primary fuels. Most inputs embody some energy consumption in their production, and 
so a change in the mix of inputs brings a change in the amount of energy required to 
produce the inputs, and hence a change in indirect energy consumption. The total 
energy intensities that combine direct and indirect energy intensities include this 
component in addition to the standard measure of direct primary fuel consumption. 
As the Japanese economy matures, processes inputs further, adds more value 
in downstream processing and becomes more of a service economy, it uses less direct 
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energy input per value of output. While downstream processes may not consume 
large amounts of primary energy themselves, they do require more highly processed 
material inputs which embody the energy consumed in their production. Input-output 
tables show that most of the output of the energy-intensive heavy industries is 
delivered as inputs to downstream processing industries. Hence even high technology 
processes v^dth low direct energy intensity induce demand for energy through the 
requirements for highly processed inputs. 
Considering only direct energy intensities, the few energy-intensive industries 
identified above dominate the energy intensity of the manufacturing sector. Once 
indirect energy consumption is incorporated, this study identified a wider spread of 
industries accounting for change in aggregate energy intensity. Analysis of indirect 
energy consumption confirms that downstream industries induce high volumes of 
energy consumption. In total energy intensity terms, the 15 most energy-intensive 
sectors show a much smoother distribution of energy intensities than the industries 
with high direct energy-intensities. 
Analysis of changes in indirect energy intensity over the 1980s, the most 
recent period for which reliable data was available, showed that these have been of a 
greater magnitude than the changes in direct energy intensity. While direct energy 
intensities for many sectors rose, especially in the late 1980s, indirect energy 
intensities for almost all sectors fell through the 1980s. The input-output results show 
that through the 1980s most direct energy intensity change was from structural 
changes, confirming the results from Chapter 4. Most of the indirect energy intensity 
change was through technological changes in upstream production processes leading 
to lower volumes of energy embodied in intermediate inputs. 
The changes in energy intensities derived from input-output data can be 
decomposed into three components: direct energy intensity; change in composition of 
inputs; and structural changes. Analysis shows that for all sectors, the changing mix of 
inputs reduced energy intensities, quite significantly for the main sectors. The 
changing input mix components are double the magnitudes of the direct energy 
intensit}' change components, but still less than the structural change components. 
Again the bulk of energy intensity change can be ascribed to a few sectors. Among 
these most important sectors the structural change component dominates, while in the 
337 
other sectors the changing input mix component is the largest part of overall energy 
intensity change. 
These results all relate to changes within the Japanese economy: technological 
changes, structural changes, direct energy consumption and indirect energy 
consumption. The input-output data also allow assessment of the significance in 
energy intensity terms of the trend towards some of these heavy industries shifting 
offshore. Offshore production for import to Japan reduces the amount of energy 
consumed directly in Japan, but boosts the volume of indirect energy imports. It is 
difficult to quantify the impact on aggregate energy intensity change, however, since 
GNP includes the income from investments in offshore operations by Japanese firms, 
while the narrow definition of domestic (rather than national) energy consumption 
does not include energy consumed by Japanese firms offshore. Shifting production 
offshore, therefore, affects both GNP and domestic energy consumption 
simultaneously. 
Assuming that there is direct substitutability between imports and domestic 
products and that domestic and overseas production uses similar technologies, there is 
some evidence that Japan's exports are embodying a smaller share of total primary 
energy supply, while imports are becoming more energy intensive. This suggests that 
there is some substitution of primary energy imports and production in Japan for 
indirect energy imports from facilities offshore. 
The ratio of energy embodied in imports compared to domestic primary 
energy consumption in several energy-intensive sectors has increased: processed 
metals; ceramics and cement; iron and steel; rubber products; and non-ferrous metals. 
This result provides support for the third hypothesis the study addresses: that some 
of the decline in aggregate energy intensity has been due to shifting of some energy-
intensive production processes offshore. 
Under the assumption of production technologies being similar in energy 
intensity at home and offshore, the ratio of energy embodied in imports to primary 
energy supply rose from 24 to 28 per cent between 1980 and 1990. This growth 
suggests some substitution of domestic production by offshore production. Imports of 
a few commodities, most notably aluminium ingots, have increased significantly, but 
in the 1980s offshore production of intermediate inputs for import to Japan did not 
replace domestic production on any large scale. The increasing energy intensity of 
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imports represents offshore production of finished goods for final demand in Japan, 
rather than imports of intermediate goods. 
The structural decomposition and input-output analyses identified changes in 
energy intensities at two levels. Firstly between economic sectors across the whole 
economy. Secondly between industries across the manufacturing sector. The study 
applied the same analytic approach to energy intensities within particular industries. 
Chapters 4 and 5 showed that production technology and structural changes relating 
to the main energy-intensive industries have been the core of the decline in aggregate 
energy intensity. Analysis at the next level of disaggregation showed that the changing 
mix of inputs into the key energy-intensive industries had an important impact on their 
energy intensity levels. Chapter 6 considered the changing mix of inputs and outputs 
at the intra-industry level, and sought to apply the same approach within industries as 
was applied between industries. That is, that some of the change in levels of energy 
intensity in industry was due to technological advances and some due to structural 
changes (in the input and output mixes). 
Analysis of four key energy-intensive industries showed that the rate of change 
of energy intensity slowed in the mid 1980s following dispersion of the first round of 
cost-effective energy-saving technologies and with falling primary energy prices. 
In the iron and steel industry, both technological change and structural 
changes contributed to the decline in the industry's energy intensity between 1973 and 
1991. More efficient processes like continuous casting have reduced energy intensity. 
Some technologies diffused rapidly throughout the industry. Recaptured (previously 
wasted) heat provided five per cent of the industry's energy needs in 1991 and 
recovered by-product gases another 13 per cent. This is a consequence of the 
integration of steel mills in Japan, allowing capture of low-grade heat energy from 
early stages of production for re-use in later stages. Improvements in smelting 
technology led to pig iron intensity falUng slightly, but because this is the major 
energy-consuming part of the industry, this small fall was the main cause of 
technology-based change in energy intensity across the industry. Energy intensities in 
electric arc fumaces and ferroalloy manufacture also fell during the 1970s. In the late 
1980s, however, these technological energy efficiency gains were offset by moves to 
coal as the main primary fuel and widespread adoption of the pulverised coal injection 
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technology and consequent use of more coal input. This development contributed to 
the increasing energy intensity in the industry in the late 1980s. 
Intra-industry structural change saw greater shares of output from 
downstream, more highly refmed, processes (ferroalloys, other special steels and 
output from electric arc furnaces) and falling shares of ordinary steel and output from 
blast furnaces. Increasing shares of the more highly refined products in industry 
output also contributed to rising energy intensity for the industry in the late 1980s. 
The non-ferrous metals industry faced a special set of circumstances in 1973 
that drove the most energy (electricity ) intensive part of the aluminium industry, 
smelting, offshore. An important part of these circumstances was the structure of the 
industry in Japan, which was separated into smelting and refining components, with 
the smelting component totally reliant on bought-in energy, making it vulnerable to 
energy price changes. The product, aluminium ingots, is also a generic one that 
became more freely available with the opening up of the world market through the 
1970s. The restructuring of the industry had a small but significant impact on the 
decline in aggregate energy intensity. 
The cases are similar for two other energy-intensive industries, cement and 
pulp and paper. Technical change in energy-intensive clinker production processes to 
the new suspension kilns underpinned energy intensity gains in the cement industry. 
The transition to this technology was almost complete throughout the industry by 
1983 and the energy intensity of the industry has changed Httle since then. There has 
been little import of cement, due mainly to quality concems and the relatively high 
cost of shipping compared to the value of the product. 
Technological change in the pulp and paper industry has also improved 
industry level energy efficiency. Most significant were installation of new boilers and 
the capture and re-use of waste heat. Structural change within the industry is seeing 
more output of more energy-intensive, highly processed papers. The industry uses 
chemical dissolution of chips as a major energy source (33 per cent of energy 
requirements) and while the share of imported pulp in total fibre consumption has 
increased, the industry has not moved to large scale substitution of imported chips by 
imported pulp. 
Within these four industries there is little likelihood of re-location offshore of 
parts of the industries due primarily to energy concerns. Production facilities for these 
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energy-intensive industries are generally integrated in Japan, bringing scope for re-use 
of low grade heat throughout production processes. Whole plants, of course, are 
being set up offshore, due to a large number of factors in addition to the energy 
imperative — labour costs, the value of the yen, competition from imports and access 
to natural resources. But partial shifting of parts of these industries, as in the case of 
aluminium ingot production, is unlikely to be large in scale. 
The rate of change of energy intensities in all these industries slowed in the 
mid 1980s as these first-round technologies dispersed and world crude prices halved. 
The scope for continuing intensity decline sourced in these industries hinges on new 
generations of technologies currently under development. 
The slowing of the rate of decline in aggregate energy intensity is due in part 
to strong growth in demand for electricity. Electricity demand is growing so strongly 
in some sectors that it is one of the few parts of the economy where energy intensity is 
actually increasing. Important in energy intensity terms is the continuing preference 
for electricity over primary fuels, and surging demand for energy (and electricity in 
particular) in households. The maturing economy is inducing new, additional demand 
for electricity. This growth in demand is continuing as income elasticities of 
households in particular are high and the electricity intensity of households is 
increasing. 
Electricity demand growth has been much greater than the rates of growth of 
demand for non-electricity energy sources — over 4.5 per cent per annum between 
1970 and 1992, compared to 1.6 per cent per annum for non-electricity sources. This 
growth has been associated with a shift in the main users of electricity from large 
industrial consumers to small firms and households. 
Income elasticities of electricity demand are quite high, above unity for the 
1965-92 period. Own-price elasticities for electricity demand are typically small, 
around 0.4, indicating that electricity demand is not particularly price sensitive. 
Household electricity consumption growth rates are also consistently above GNP 
growth rates, with consumers using more electric appUances and quite often larger 
electric appliances as well. 
The impact of this growth in electricity demand on aggregate energy intensity 
depends on the efficiency of electricity generation and supply. Primary energy 
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consumption in the supply of electricity will play a growing role in determining 
aggregate energy intensity levels. 
The electricity industry is slowly becoming more efficient in generation, and is 
making efforts to level loads, especially the daytime peak, enabling more efficient use 
of existing capacity. Daily load leveUing and regional load sharing mostly improve 
allocative rather than technical efficiency. However, since thermal-fired plants use 
energy as electricity is being generated while others — pumped-storage hydro 
systems, for example — do not, shifts in load structure can serve to raise the overall 
thermal energy efficiency of electricity generation. The program for construction of 
nuclear plants is proceeding slowly, mainly due to increasing resistance to location of 
plants, and most new planned capacity is coal and LNG-fired. There is still relatively 
httle interest in Japan in demand side management techniques, in part because of the 
low own-price demand elasticities for electricity. 
The study confumed that Japan's energy policies have generally served to 
reinforce trends to improve energy efficiency, and thus contributed to the decline in 
aggregate energy intensity. The 1973-1991 period is useful in trying to separate the 
effects of price and pohcy imperatives as the yen-denominated crude oil price halved 
in the mid 1980s while energy policies remained focused on the same long-term 
objectives of reducing dependence on oil and increasing the efficiency of energy use. 
Price and policies both supported efficiency changes through until the mid 
1980s. As primary energy prices fell, the apparent decouphng of energy consumption 
from economic growth weakened. The late 1980s saw only marginal declines in 
aggregate, and disaggregate, energy intensities. The declines that were achieved in the 
late 1980s were mostly due to falling output shares of heavy industries, changing 
production systems and changing mixes of inputs, not to dispersion of energy-saving 
technologies. 
With the shift in energy demand growth areas, a different poUcy approach is 
required. Energy policies between 1973 and 1990 focused on the manufacturing 
sector, which has lower income elasticities of energy demand and which in 1973 had 
scope for implementation of energy efficiency gains without compromising economic 
growth. 
The new energy pohcies incorporate targets for change in aggregate energy 
intensity, rather than specific goals for energy consumption. This is a consequence of 
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these policies being based on the premise that reducing the growth rate of energy 
demand should not compromise economic growth. Japan's greenhouse gas emissions 
control strategy is thus strongly focused on continuing improvements in aggregate 
energy efficiency as the means of meeting the target levels of emissions without 
compromising economic growth. 
Efficiency, however, tends to be seen as a general catch all, a kakekomi-dera 
[a place of refuge], in Japanese (Ikuta 1990 p 5). This study has shown that Japan's 
economic structure in 1991 is very different from its structure in 1973. There are 
three important differences from an energy perspective. Firstly, there was in 1973 
much more scope for quick gains in energy efficiency in the heavy industries, the 
drivers of earlier intensity change. Secondly, non-manufacturing sectors comprised a 
much larger share of Japan's total energy consumption in 1991. And thirdly, high 
income elasticities of demand for electricity throughout the economy, particularly in 
the residential sector, are serving to push energy demand, and energy intensity, up 
once again. 
In attempting to deal with Japan's current energy demand and intensity 
profiles, new energy policies propose systemic measures to address energy 
consumption and intensity. On closer inspection, however, the commitment to 
systemic solutions seems largely rhetorical, with new energy policy offering more of 
the same and still relying on further incremental energy efficiency gains to meet 
objectives. 
Consequently, it is unlikely that Japan will see the same order of magnitude of 
energy intensity declines over the 15 years to 2010 as in the last 20 years. And yet this 
target is the central element of Japan's policy to control greenhouse gas emissions. 
This target is unlikely to be met unless energy prices jump sharply as a result of an 
external shock, or unless a sizeable domestic carbon tax is introduced and there is a 
major drive for more efficient use of energy. The latter is highly unlikely given the 
government's preference not to meet greenhouse gas emissions targets by restraining 
economic growth. 
The structure of the Japanese economy and its energy consumption and energy 
intensity profiles changed substantially between 1973 and 1991. In energy terms, 
important developments have been the steady growth in output share of the 
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manufacturing sector described above, the relative decline of heavy industries in 
favour of newer, lighter industries and the increasing share of energy consumption in 
non-manufacturing sectors. 
In this light, the apparent decoupling did indeed take place, for the period 
between 1973 and the mid 1980s, and Japan has in many ways become a model of an 
energy-efficient industriahsed economy. But particular characteristics of Japan's 
economy and energy consumption profile mean that other countries will not find 
Japan's path easy to emulate, nor has the trend in Japan for rapid decline in aggregate 
energy intensity continued through the late 1980s. 
The very high dependence on imported crude in Japan in 1973 (much more 
than other OECD countries) left the whole economy open to the full force of the oil 
price shocks. This dependence on oil had appeared as a consequence of pro-oil, pro-
heavy industry policies after the Second World War. The share of the manufacturing 
sector, and the energy-intensive industries in particular, in Japanese output are large in 
comparison with other industrialised countries. This added to the vulnerability of the 
Japanese economy to the price shocks, and added incentives to rapidly improve the 
efficiency of energy use. 
While energy conservation poUcies were useful, and certainly supported the 
decline in aggregate energy intensity, the broad set of economic conditions in 1973 lay 
at the heart of the decline. Pohcies conformed to market directions set in times of very 
high crude oil prices. In the late 1980s with crude oil prices falling policies did not 
push markets where they did not want to go. Once oil prices began falling quite 
sharply in this latter period, technological efficiency improvements in many industries 
continued to bring lower aggregate energy intensity, but the main gains in aggregate 
energy efficiency were in continuing structural change. 
The decoupling was thus less of a permanent change in the nature of Japan's 
economy and its requirement for energy, and more a response to sudden price 
changes. The results of this study suggest that the boost to energy policy in the early 
1990s does not seem enough to reverse this trend by renewing the decoupling and 
reviving high rates of energy intensity dechne. In the low real oil price environment in 
the early 1990s, energy policies were trying to lead markets where they did not want 
to go. In contrast to policy goals, oil consumption was rising quite quickly again and 
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industry rumblings about more use of oil-ftred electricity stations made good short-
term economic sense. 
The disaggregated approach used in this study provides the strongest 
framework for assessing the reality of the policy goal to replicate the scale of energy 
intensity decline between 1973 and 1990 over the 1990-2010 period. The study 
suggests that this goal is unrealistic, and that while the greenhouse gas emissions 
targets remain predicated on such a change in aggregate energy intensity, Japan, like 
Australia, may not meet its self-imposed emissions targets. 
The spectacular improvement in aggregate energy intensity over the 1973-
1985 period indicates, however, that another round of sizeable exogenous or policy-
enforced price rises might yet allow Japan to achieve its targets. 
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Appendix A 
Calorific values of fuels derived from General Energy Statistics 1992 p 16 and 
Onozaki 1990 p 34. 
Oil Stream: 
Kerosene 8,300 kcal/1 
Light oil 8,400 kcalA 
ABC Heavy oil 9,000 kcalA 
LPG 10,900 kcal/kg 
Oil coke 8,000 kcal/kg 
Non-oil stream: 
Steaming coal 6,900 kcal/kg 
Coking coal 6,650 kcal/kg 
Coke 7,200 kcal/kg 
Tar 8,900 kcal/kg 
Coke oven gas 4,800 kcal/m^ 
Blast fumace gas 800 kcal/m^ 
Oxygen fumace gas 2,000 kcal/m^ 
Electric arc fumace gas 2,000 kcal/m^ 
LNG 12,000 kcal/kg 
Town gas 10,000 kcal/m^ 
Oxygen 1,700 kcal/m^ 
Steam 639 kcal/kg 
Electricity 2,250 kcal/kWhr 
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Appendix B 
Aggregation of the 46 sector input-output tables to 28, noting disaggregation of 
electricity, gas and heat supply into two sectors. 
46 sector data 28 sector data 
1 Agriculture 1 Agriculture and forestry 
2 Forestry 
3 Fisheries 2 Fisheries 
4 Mining 3 Mining (metals and non-
metals) 
5 Coal, oil and gas 4 Coal, oil and gas 
6 Food and drink products 5 Food and drink products 
7 Textiles 6 Textiles and clothing 
8 Furnishings and wood products 7 Furnishings and wood 
products 
9 Pulp and paper 8 Pulp and paper 
10 Printing & publishing 9 Printing and publishing 
11 Chemicals 10 Chemicals 
12 Oil and refinery products 11 Oil and refinery products 
13 Plastics 12 Plastics 
14 Rubber products 13 Rubber products 
15 Porcelain, ceramics and cement 14 Porcelain, ceramics and 
cement 
16 Steel 15 Steel 
17 Non-ferrous metals 16 Non-ferrous metals 
18 Processed metal products 17 Processed metal products 
19 General machinery 18 General machinery 
20 Business services equipment A 
21 Electrical appliances 1 
Electrical machinery and 
appliances 
22 Electronics communications V 
equipment / 
19 
23 Heavy electrical / 
24 Other electrical y 
25 Moto r vehicles ^ 
Transportation machinery 26 Other transport equipment V 20 
and equipment 
27 Precision machinery 21 Precision machinery 
28 Other manufactures 22 Other manufactures(incl 
leather but not plastics) 
29 Construction \ 23 Building and construction 
30 Earth and wood construction f 
Electricity 
Gas and heat 
31 Electricity, gas and heat supply 24 
25 
36 Transport 26 
Transport 
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32 Waste Treatment ^ 
33 Commerce 
34 Finance 
35 Real estate 
37 Communications/broadcasting 
38 Public service 
39 Education/research 
40 Medical, health, social security 
41 Public non-profit organisations 
42 Business services 
43 Machinery repair 
44 Individual services 
45 Office equipment y 
46 not elsewhere included (NEI) 
V 2 7 Business and services 
28 not elsewhere included (NEI) 
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